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BACKGROUND INFORMATION 



Water and Water Pro bl ems; 

Of an the earth's resources none 1s more fundamental to life than water. All 
living things, both plant and aniinal, depend on water for their survwal, Without 
it, death 1s the eventual outcome. 

Water Is one of the most abundant compounds on the earth. But 971 of this wrld's 
water is salty, and most of the remaining 3% is locked up in polar Ice and glaciers. 
What remains, is found In the fresh water bodies (lakes, streams, ponds, etc.) 1n 
ground water aquifers, in the atmosphere, and in the plants and animals which 
inhabit this earth. Nevertheless, the liquid fresh water an earth is sufficient 
to cover all the land surface to the depth of several hundred feet. 

With such a vast supply of fresh water In the world, why Is mankind so concerned 
about it? One reason lies in the fact that the largest supplies of fresh water are 
located in areas inhospitable to rnan such as the Amazon and Congo basins, the 
mountains, and the frigid and sub-frigid ice zones. Secondly, and perhaps more 
Importantly is that water 1s always in motion and the quantity existing in any 
given place at any one time 1s always changing. 

Water may be detained; in reservoirs, in the ground, or as glacial ice; but stored 
water evaporates, ground water seeps, and glaciers mtlt, Water flow Is continuous, 
but irregular, both in time and in space. Water problenis eKist because tnan's 
demands must be met with a supply that Is variable: in space, in time, ard in 
quality. This irregular flow of water is ultimately related to weather aiid cliinate. 
Our restless atmosphere is the most active agent In the constant redistri butlon of 
vdater on the earth's surface. 

If man has had water problems in the past, he has had only a sample of the future. 
Populations' are Increasinq and costs orovidlng quantity, quality, and protection 
from extrenies In regimen (streain flow) are cllnnblng. Competing uses for the same 
water are increasing at private, local, state and even national boundaries. All 
measures of water resource management that can economically contribute to the 
expansion of pure, ample water supplies will be needed. 



DESISN OF PAK OPERATION 

TO THE TEACHER: This Pak is designed for high school use and its primary emphasis 
is on water, water analysis and possible methods of watershed manageinent. Hope- 
fully, these lessons can be Intigrattd, either individually or together, Into 
various courses (i.e. physics, chemistry, biology, etc.) already a part of the 
school curriculum. 

Although this Pak was designed for use In and around the Highline School District 
the material and basic ideas herein can be very easily adapted to any high school 
in any given community. 

The utiHiation of this Pak will be left up to the teacher Involved. Lesson plans 
were developed individually so each could be used separately to develop a specific 
component of the water cycle or Its inanagement. However, It should be roted 
(partlcularlly in Lesson 6) that some discussions and alternate activities rely on 
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knowledge and/or results obtained previously, A suggestion, therefore, would be 
to use the Pak as a total unit and in the succession given. Although this Is not 
critical it v/IU allow the full potential of each lesson to be realized. 

Operation for the entire Pak Is approxirnately as fonows: (Lessons may vary In 
length from teacher to teacher, class to class. Depending on the amount of Interest, 
discussion and activities Involved,) 



Time 



Location 



Lead up activities 
(Lessons 1-4) 

In Field Activities 
(Lesson 5 



5^10 days 
1 full day 



School and surrounding 
areas 

(a) Miller and Des 
Moines Creeks (sainpllng 
stations) 

(b) School lab - analysis 
of samples 



Follow up activities 



1-2 days 



Classroom 



CONCEPTUAL LOG 

1) Matersheds and their boundaries 

2) The Hydro log 1c Cycle 

3) Runoff; hoy^ it is genirated by a watershid 

4) Infiltration and storate of water in the soil profile 

5) Freshwater eeology (Cheniical & Biological franiiwork of a freshwater streain) 

6) Mater ResoLirce Management (approaches to the solutions of water problems) 
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MASTER MATERIALS LIST 
(by lesson) 



1) Pencil U. S. Geological Survey Naps 

Grid paper (Des Moines Quadrangtfe ^ 7.5 

50' tape measure (as many as possible) minuti series: one for each 

straignt edge student) 
12'* ruler 



2) balance 
single beani 
center pivot 
large sponge(s) 
plastic sandwich bag(s) 
strong light sources 



pencil 
paper 

sling psychroni€ter(s) 

dew point and relative humidity tables 



3) pencil (s) 
paper 

50' measuring tape(s) 



graph paper 
straight edge 



4) three types of oven dried soil beakers 
funneUsJ pencii 
filter paper paper 
water 



5) Velocity of Flow 

— Method 1 ^ 

a. stop watch 

b. known length of string 

c. buoyant object such as an orange float or a styrofoam ball 
Method 2 

a* a straight flat bar of matal or wood 

b, two nails or pegs 

c, meter stick 

Volume of Flow 

a* stop watch 

b, float 

c, tape mtasure 

Temperature 

a. thermometer (C^) 

Dissolvid OKygin (HachKit) 
Should coinafn following 

* (1) Disiolvid Oxygen 1 Powder Pillows Cat. 1981-99 

* (l) Dissolved Oxygen 2 Powder Pillows Cat. 1982-99 

* (1 Dissolved Oxyten 3 Powder Pniows Cat. *987-99 

* (1) Dissolved Oxygen PAD (Droppir 4 oi. bottle) Cat. *1079-13 



iS Itpl accents needed 
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(Ij Glass stoppered DO bottle, 60 ml, with 30 ml mark Cat. #619-00 

(1 Square mixing bottle Cat. 1439-00 

(1) Plastic measuring tube, 5.83 ml Cat. M38-00 

Urge clippers Cat. #968-00 

B iocherril caj Oxygen peiiianci 

(] ] Laboratory Ins truinent a Manual (Manonietric BOO Apparatus Model 2173) 
(l ) BOD Data Charts 

EqulDniant: BOD Apparatus, Model 2173 

(5) Pint glasij bottles 

(5) Magnetic spin bars 

(5 Glass bottles with Mercury 

(b) Seal cups 

* (1 ) Tube stopcock grease 

* (1 ) 4 02. DB Potassium Hydroxide 451 No. Cat. #230 

Col 1 form Bacteria Tes t 

Presunipti ve Tube Assembly 

**(10) Lactose Brofeh Medium Cat. #367 

NOTE: Replaca after each use. 
Teacher: Order replacement for items used 

Coll form Confi rtmatl on Test Kit 

**no) Lactose Bile Broth Cat. #322 

(1) Or1-bath Incubator for five colifom tubes 
(1 ) Coliform bacteria test manual 

Nitrate Test Kit . 0-50 mg/1 Model Nl-ll Cat. #1468-03 

* (2) Nitra Ver v Nitrati Reagent Powder Pillows Cat. #14035-99 
(1) Clippers (for opening pniows) Cat. #936-00 
" Color coniparator Cat. 1732-00 

Color Viewing Tube Cat. #1798-00 

Dropper, plastic 0.5 and 1.0 ml marks Cat. #2122-00 

Nitrate Color Disc Cat. #14038-00 

Rubber stoppers for color viewing tubes 

Total Phosphate Kit Model PO-24 Cat. #2250-01 

* (1) Demi nerali zed Water (4 oz.) Cat. #272-28 
[]) Phosver HI Phosphate Reagent Powder Pillows Cat. #2125-99 
n Potassium Persulfata Powder Pillows Cat. 2451-99 
,1.1 Sodium Hydroxide solution 5.0 N Cat. #2450-37 
;i) Sulfuric add solution 5.25 H Cat. #2449-37 
,1) bottle, mixing, glass 20 ml mark Cat. 660-00 

1) bottle, mixing, glass, unmarked Cat. 439-00 
(1) Large clippers . Cat. #968-00 
pj Color comparatoV ' Cat, 1732-00 

2) Color viewing tubes Cat, 1730-00 
;i) Dropper 1 ml Cat. #1282-37 
,1) Dropper, plastic Q.S and 1 ml marks 



Repi aconents Needed 

Repl acaiients Needed 5 ea ./use 



Broken* (1) Filter aid solution 1 02 DB (dropper bottle) Cat. #1046.33 

* Filter paper folded 12.5 cm Cat. #1394-57 
(1) Flask, Erlenmeyer 50 ml Cat. I50S-41 

1 Funnel, plastic 65mm Cat. #1083-67 

* 1 Heatab cook=1t Cat. 2207-00 

(1) Wire test tube holder Cat. 534-00 

(2) Stoppers (for color viewing tube) Cat, 1731-00 
(1) Support for cook-1t Cat. 2179-00 

Wide Range; pH test kit 
Model 17-N pH test kit 

* 1) Wide range 4 Indicator 4 oz. dropper bottle (DB) Cat. #216-13 
2) pH color viewing tubes Cat. #1926-00 
1 Wide range pH color disc Cat. #1919-00 
(1) Color coniparator box Cat. #1732-00 

Bent hie Sampling 

(i r Surter Sampl er 

1) Ekman Dredge with (1) Ekman dredge handle 
5) Wire baskets (barbecue type) 



* Repi aceitients Needed 
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HISTORY OF MILLER CREEK 



Miller Creek begins its journey to the sea just north of the Seattle-Tacoma 
Airport. From this origin it meanders southwesterly to it's estuary In Puget 
Sound at Noritiandy Park Community Beach. The small pools and gently roning 
riffles of this streani art fed by Burlen and Tub Lakes found in the upper reaches 
of the watershed. Slmnarily, numerous springs add to the water supply as they 
bubble continuously along the watercourse, 

Over the years this tiny stream's cold clear water has carved out a small channel 
in the dense lowland vegetation. This channel twists and turns until finally 
bathing a butter and geoduck clam bed upon its exit into salt water, 

Twenty five years ago when Gene Wiseman built his house, Miller Creek was still 
clear and clean, He remetribers when he and his children used to lay down and drink 
water from this tiny stream. Likewise, many of the homes along the stream were 
built 30 or more years ago. The majority of these early residents along the creek 
made considerable effort to retain a natural pleasant setting adjoining the stream. 
Old timers in the area can tell fish stories of excellent trout fishing and remember 
large spawning runs of coho salmon. This was a time when much of the airport area 
was small farms and orchards and the Burien business district clustered around 
152nd and Ambaum. This was a time of lush vegetation, clear water and clean air. 
A time that would soon pass. 

In the fifties the Highline area began to develop rapidly. Lots of new homes were 
built. The King County Planning Commission instituted a Burien Business District 
Expansion Study on March 1958. The basic premise of which was to establish Burien 
as a regional shopping center. Houses gave way to coniTierclal developinent. Small 
farms and open areas were sub-divided into residential areas with many houses on 
small lots. These houses put in septic tanks for waste disposal, but the tanks soon 
failed, seeping into storm drainage ditches which soon found their way to the creek. 
It became evident that sewers were needed to help keep Miller Creek claan. Some 
of the area was sewered Immediately and in 1965 construction was begun on a sewage 
treatment plant one half mile upstream from the creek's mouth. A main sewage 
collection line was laid down the creek ravine from Des Moines Way South to the 
treatment plant. At this time, the Washington State Fisheries gave specific 
criteria and recommendations as to construction specifications along the stream so 
as not to damage the spawning characteristics of the creek. The course of the 
stream was changed as it passed through the site of the treatment plant and It was 
required that a fish ladder be provided through this area. 

In the 1960's the Burien business district continued to explode. Burlin Shopping 
Plaza laid down acres of blacktop, GovMart Bazaar, Bells and other agencies covered 
acres of land with concrete all along First Avenue. 

In 1968 White Front paved over a 10 acre parking lot. In most cases no effort was 
made to storm sewer any of the run-off water away from the stream. Nor did building 
requirements call for any regulations that would slow down the run-off water from 
these new developments and/or limit the amount of impervious surface installed. 
(It is Interesting to note that the King County Planning Department stated 1n the 
1964 Comprehensive Plan for King County Wash: "Urban growth must be logically 
planned. It should be related to and integrated with the natural envlronnient— 
not superimposed over it.") 
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Even though this development was changing the stream and the waters had 
become polluted and undrinkable the stream was stfll supporting fish Ufa and the 
outward characteristics of the stream remained pretty much the same, The water 
was clear, the stream bed was still gravelly, periwinkles, crawdads and fish were 
common and erosion along the banks was still controllable, 

In 1967 Urban Arterial Funds were established and street "Improvements" in the 
Highline Area mushroonied. Criteria estabHshGd for these improvements included 
curbs, sidewalks and underground storm sewers. Implementation of storm sewers 
resulted in a quick piped system of run-off instead of the much slower ditches. 
It may be advantageous In most instances not to have to cope with open ditches, 
but the now conected and piped run-off goes very much faster to Its receptable - 
in this case Miller Creek. 

In 1968 the Airport started a major expansion. They removed many houses, a holly 
farm, and drained Evergreen Lake. Soil needed to fill In the new runway was in 
excess of 3 million cubic yards and no effort was made to control the flow of 
excess silt Into the nearby creek. In 1969 tht State Highway began construction 
of the continuation of Highway 509 from 128th to 166th and Highway 518 east to west 
at the north end of the Airport. Again the State Highway did nothing to hold 
back or control the silting of the stream during construction. Then in 1970, 
Washington State Fisheries stated that the stream had become too polluted to 
continue stocking with salmon. Mr. Jim Ames on March 30, 1970 of Washington State 
Dept. of Fisheries, stated in a report after a survey of the stream had been 
completed, "The factor contributing most to the stream's deterioration is the 
excessive amount of fines (sand and silt) in the bottom material ... (This sand and 
silt made up between 70 and 100 percent of the bottom composition.) This condition 
is so acute that successful spawning is virtually impossible...." (It stems 
strange that the State Fisheries could demand a cartain criteria of construction 
from the sewer district in 1965 but in 1968 they were unable to enforce any regu- 
lations with the State Highway or Airport.) 

In February 1970, Miller Creek residents of Normandy Park were contacted and asked 
to sign easements with King County Flood Control granting them the right to enter 
the property to make stream improvements. No one would sign until they were told 
what the improvement would be. It was then they learned their eight to ten foot 
stream would have to be widened up to seventy fett to accomodate a projected peak 
flow of 1280 cubic feet per second. That is six times the natural capacity of the 
stream which is or was historically about 200 cfs peak flow. A number of residents 
In Normandy Park did not agree that a seventy foot ditch was property improvement. 
It was felt that a ditch of this size would leave an enormous ugly scar through the 
comnunlty, kill all fish life in the stream, and remove for ever the recreation and 
aesthetic qualities that had been enjoyed by many for so long. 

A suit was filed against the County asking that King County Flood Control be 
enjoined from undertaking the "Miner Creek Flood Control Project" in a manner 
that would change the historical or present natural character or appearance of 
Miller Creek." A temporary restraining order was Issued by Judge Callow In August, 
1970. The trial has been continued 4 times and is now scheduled for trial in 
April 1974. Many violations of the Injunction and its intent have been made. 
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Several studies of the watershed have bean done through the years - for the airport - 
for the sewer district - and for King County and the State Highway. All agree that 
there will be a large amount of water to be coped with. In Jim Ames' report tor 
the Fisheries Department he states "Perhaps the greatest value of Miller Creek as 
it now exists, 1s as an example of what not to do." He goes on to say that the 
destruction is due almost entirely to lacTbf total planning for man s activities 
in the water-shed. With proper direction, this would not have happened, 

In the fall of 1 972 RIBCO (River Basin Coordlnatinq Conimlttee) voted to use Miner 
Creek as a demonstration area for urban drainage problems and work out a program 
for alternate drainage methods. 

It is hoped that solutions and drainage techniques can be found and Implemented 
in time to save the uniqueness and natural resource of these streams. 
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LESSON 1 



CONCEPT: Watersheds and their boundaries 

MATERIALS; Pencn 

grid paper 
50' tape fneasurs 
stv^alght edge 
1 2" rul er 

Geological survey maps - Pes Moines quadrangle 7.5 nilnute 
series (one for each student) 

INTRODUCTION: A watershed Is an area of land froin which all precipitation drains 
to a specific watercourse , The Colunnbia River, for exampli, is 
one of the largest ratersheds in this country'* However, this 
large system is made up of thousands of smaller ones which coyer 
all tvpes of terrain. 

Each watersheds no matter how large or small it my be, has certain 
boundary lines. These boundary lines divide one drainage area from 
another. Ultimately, in ivatershed analysis and managiment one is 
faced with the need to Identify these boundaries be they natural or 
man-niade , 

PURPOSE: To allow students to visual iie a watershed and It's boundarl€S 

through personal observation , topographical map analysis and fiald 
survey procedures* 

PROCEDURE: Although it is possibli to convey the concept of a watershed as a 
drainage basin in the classroom a short exercise outside in con- 
structing actual watershed boundaries may help clarify the student's 
concepticfi. 

1. Introduce the topic by siniply initiating a short inquiry type 
discussicri about the student's personal use of water, 

Ask: hn^t %$ water uead for in the home? 

Ansvfers might Include drinking s washing (people, dishes, clothes ^ 
etc.) sprinkling the lawn^ etc, 

NOTE: Make a list as the discussion continues, After five or six 
''uses'* ha\^e been listed by the class. 

Ask: Whi^h hiem they (the sttddrnts) would dia^ontinm fir$t, thm 
deaand and thit^dj &ta, if mt&T wa8 in ehopt 8uppty, 
Answers will logically progress from the less personal I.e. wateriiig 
the grassp cleaning dishes to drinking (surylyalj 

2. The above discussion will help focus our dependence upon water 

to do a variety of services, The niost Important of which is survi\^al> 
Stress this point. 

Ask: Om wm (op my Iwing' thing) mist without watep, 
Answer: Mo - sooner or later death Is the eventual outcome, 
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Follow up by asking; SiPiQm waies^ te &o €fftp^i^^mt to us Qhautdn^t 
we jcnow ^hmm it adntms f^orrtf Vhsrm i^a oi^ \^€ite3P Q^m fr^mf 

(NOTE; Avoid dlicuislons m the Kydrolopic Cjcl ^ el1rn1r\atf ng 
such thifigs as ths ociait , elogds i raffi , ©tc- It^y to df net rispomi 
toward local mt%r su ppl ies . ) 

Answars should Include Idcal r^sar\/c1rSi itmni, er^iki 0^ ^\At\mt\, 
Mniar Craek) 

3. We're trying to n^r^ew the topic d<wn to a Jocil^ (H riot 
personal level,} To clo this, wt Riust beeoni^ a%^if < 1 cc^j ^it gr 
sources . Slmllarllyp we iKould bieene aware of wfiire 9*r~ water" 
goes after we use It. 

Ask: DaiB myb^dy knsi^ uhem lomt (C,e^ BuHsn) Uq-Cer g^^B afUr^ 
b&ing UBid (in ^Hb fna^ne^Q jv&Hcu&iy SBOussed)? 

Answers might Include (1 ] the ociarii CK* but Jiow km% It oet t tiers? 
(2) Soil - OKi button wNre (3) EyafOrates, Y«i» bu1 all of It? 
(4) Back Into the sir mm cKanngl 

NOTE: Uavs the dlsctJiiHon opan^ but ^v^ntually mi yp w1 th tM 
idea of local dral nag< 1 ocal strcarnis) (i,e. Miller Creek for 
Burl an) 

4, Now that hava m Idai where our wmttr c erne ^ from (usually 
from local watircours^s - 1 ,e, Mlllir Cr^ek \n Bgrlen) and wher^oii^ 
watar goes (usuall^^ back Into this sani« watarecyrse} i^t can dU^i^si 
water sources in dlff^rerit ireii. 

Ask: hfhat abmt people 4n M& Mmnrnf Do eJ^j^i^ t^e 4m^B 
8oura& as the peopU 4n JBHrHenf Dom iheir dn^m into ths eme 

Btrmmfsji Ha,? 

Answer: Will daptrd m tht student's ln@\^l#clge of local w4t#roeyrS6j , 
Dir#ct class toward till 1di4 of siparale jralnagi^ sygtgns. (Hlller 
Creek - Burlen, Dts Mclnes Creek ^ Def Molnesr 

Stress to the itudints tnit ; 

1) different drainig^ i>/it*ms an cownonly knewn as water ihedi ^ 

2) taeh wattrihed hag boil iidar Its 

3) these b^undariii riiay bl il thsr wah-fna^e or natyrail 



TopographlQal Map Analysis 

PURPOSE: To chart the boyndarlts for the Hlllar and Pes Mdnos 
dralDage basins (watersheds 1 and to visuilly nlgstra^te tM area 
eneonpasied by eaolf.' ' 
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HATIRIALSt U, i. Gtological Sumy Hipi, Dis Moines Quadrangle, 
7.5 minute str1«s (one for lae^ itudint)» dark p«nctl ard pin, 

PROCEDIRE: 

(1) Esi&intnt th« nap provldgd. 

(2) Trace over (In pen) for sasy idint1f1cat1on Miller ird Des 
Moines CrMk and thi1r tributaries, 

(3) Draw In th« beundaHfls of the wittrshed for eaeh stream (with 
dark pencil). BDundarles shout d be eitlnated on tha prerequisite 
tlia.t all surfaci runoff that occurs within the watirshed will 
pass Into thi stream channtl. (Rimeniber water on]^ flows 

dovfn hin - chtek contour lints - elevatlens ) 

*See sampla showing Niller and D«s Moines Creek waterihtd boundirlii, 
This Is an example of what, students should do on their USQS maps. 



Field Survey 

PURPOSE: This experiment will allow studints to vlsuatiie watershid 
drainage pattirtis as well as provide a method for plotting drainage 
boundaries, calculating total watershad area (sq. ft.) and experl- 
fnentlng with different anwunts of water rurvoff. 

MATERUUi Ptncll, grid paper, straight edge, 50' tape measure and 
blue print of building If possible, 

PROCEDURE ^ 

(1) Haye students vlsuaHzi water dralring off the roof, Into the 
iavetroughs. Into the dowrs pouts ard finally/ onto the ground. 
Each downspout has Its owr watershed . Now, what are the 
boundirles for each downspout Cor watershed). 

(2) Draw the outside foundation of thi building to scale on your 
grid paper, Note the heljht and slope of the roof for each 
section of the building baing used* 

(3) Locate the downspouts of the Bavetroughs on the perlnieter of 
the bunding and Indicate their location on your drawing, 

(4) To calculate the irM of the roof nieasure the length and width 
of the building Involved, 

NOTE: The area of the roof Is viewed as a horlioiital plane 
(lee f1g. II) 

Example II 

Suppose the length of your roof Is iO' and the width Is 24' (fig, #1) 
NOTE: (Check blueprint If miasureiiient 1s not possible) 

PRQBUN: Hew many gallons of water will come off a roof 60' long 
and 24' wide, when one Inch of rain falls on that roof in 24 hours. 
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SOLUTION: Area of roof (hoHaontal plane) 

50' X 24' a 1200 square feet 

1" of wattr - 1/12 foot of water 

T/ia foot X 1200 square ft. ^ lOO cu, ft. 

1 cubic foot a 7.48 gallons 

lOO cubic feet » 348 



AREA OF ROOF 

(horizontal plane) 



24'- 



I 



T 
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LESSON 2 



CONCEPT: 
MATERIALS: 



TERMS FOR 
THE TEACHER: 



Thi Hydfolcgic C/cli 

Materials for this las son plan art listed with corresponding 
ixperiments. 



1) Convecticn - a transfer of hsat through fnevenient of tht air 
itsalf. Air hsatid by contact with a warm surfaci expands and 
becomas lass dense. The lighter air thus created is riplacad 
by coolarp haavlar air from above and in turn forced upward, 

2) Convere jerice - occurs when winds of different directions or 
spwdi meet om another. Frontal Hft1n| Is a special tjpe of 
convergence where tm air rnasses of dissimilar temperature 
(etc, ) ccl Tide, 

3) Qropraphic Lifting - the ascension of a1r caused or Intensified 
by any topograpfnc Dbstructlon on the earth's surface* 

4) Condensation Nuclei - small particles present in the a1r ot\ 
which CO nclensat ion takes place, 

5) Adiab atic Processes - temperature changes occurlng without an^ 
heat being added to or subtracted frcm the air. 

6) Nonadiabatlc Procisses - irvolye the gain or loss of h«at by 
t>ie air f rom er to an outside source, 

7) Latent h^at of Vaporisation - the heat used 1n carrying out 
evaporation and retained by the water vapor (600 caVgram of 
water at 0^ C) 

8) Latent heat of Condensation - the heat given off In the proeess 
of condensation [600 cal/gr of water at 0^ C) 

9) Dew Point - temparature at which air becomes saturated upon 
cooling and at which condensation normally begins* 



IMTRODLiCTION: 



The basic iiydrologic cycle consists of the evaporation of v/ater 
from the ocean surface i the transport of water vapor over earth's 
surface, ccndensatlons precipitation, and runoff back to the pcean. 
There are, however, mary important factors that are essential to 
the regulation of this v%ry Ifnportant circulation. 
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PROCEDURE: 



EKLC 
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(A) Two factors ssstntlal for the evaporative process are Enirp 
and Water; ~ " 

1 ) The primarj/^ controls on thi rates of evaporation Include: 
Temperature, Air Novetnent , and Air Mofsture . 

(B) Condensation results from a CDOling process. The air is cooled 
to a point where its capacity to hold vapor is exceedad by the actual 
aniount in the a1r, 

1) The principal processis of cooling which produce condensatior, 
include: Convection > Convergence (of wind currents or 
air fnassas) and Qrographic Li ftTng . 

(C) Precipitation is water in liquid or solid form falling to the 
earth. It 1s always precided by condensation (or sublimation - 
vapor to solid) Condensation and precipitation are dependent on 
condensation nuclei . Particles on which water droplets can coalesce, 

PURPOSE: To Introduce the student to the Hydrologic Cycle and to 
acquaint him (or her) with the various operating factors involved 
therein. 

Although the student rnay bt familiar with the generalized picture 
of the water cycle ha is less likely aware of the workings within 
the cycle itself. Focus attention on each process: evaporation,^ 
condensation, precipitation by dlscQverlng the many intrlcasies of 
each, 

EVAPORATION: 

1) Begin by holding up a glass of water. Then '^accidentally'* spill 
it on (1) a student (or yourself) (2) a table (3) a radiator, 
Ask: What^a hc^pGniry in all three gipcimBtanaeB? (Evidently^ 
the water on the radiator Is dlsappiaring* ) l/herB's it going? 
Answers might include: (1) It's changing to a gas (2) It's running 
down the sides and onto the floor (perhaps - but not what we want) 
(3) It's evaporating, 

Direct answers toward (1 ) and (3) above, Now have the students 
explain, 

Ask: So ijhat^Q eva^omtion? 

Answer: It's a change from a 1 iquid to a gas . (No deep dark secrets 
hera. Just simply that. Agree and go on) 

Let's look into evaporation a 1 1ttle deeper. 
Ask: Vhat things arm nea&98ary fop Bvapomiion to oaaidr? 
Answers: temperitura, heat, air (These are factors Influencing 
the rate of evaporation but are not actually what we want here. 

Ask: pmBent an th§ padiator^ th& table^ or wherever elme 

waporation takm$ ptaoe, 

HINT: Let the studints think they will tell you sooner or later, 
Answer: water and energy. 

We have concluded that enirgy is present when evaporation takes 
place. 

Ask: How iff Mb m&rgy usmd? (Hint: go back to the idea of heat. 
Heat 1s energy - Right? Right)* W^lt^ do&8 evaporaHon aoneme or 



19 



2-2 



Answers: It consumes heat, (good guiss?) Willi if j^ou think 
that's the case - use an axaniple, i.e. What about the basketball 
player who continually sweats during a hard game, This sweat 
evaporates and (1) cools or (2) heats up the player? Cools of 
course. Answer: Evaporation consumes heat and Is a cooling process* 

Since evaporation consumes heat 

Ask: Whrnrs ^ee thia h&at (or emrgy) go? 

Let the students tell you 

Answer: IV % retained in the water vapor. The gas state, 

NOTE: Now for the students Information tell theni that the amount 
of heat consumed by 1 gram of water at 0^ centigrade Is approxiniately 
equal to 600 cal . Inforin them that this is known as the Latent 
Heat of VaporfEation . 

The Rate of Evaporation is Influenced by three major factors. We 
Gan discover these factors by setting up a small demonstration. 

NOTE: The following experiment is probably best used as a demon- 
stration for the entire class. The teacher may have one or two 
students set up the materials and do the manlpuUtIng necessary* 
It should be an entire class inyolvenient however. Let the students 
decide what factors might influence the rate of eyaporatlon and than 
test for visual proof. Make a list . Most (if not all) will fall 
under the three major categories listed in the experiment. 

EXPERIMENT *1 
Factors Influencing Evaporation 

Materials - balancei single beam* center pivoti large sponge, 

plastic sandwich bag, strong light source 
The teacher may wish to make this a single demonstration iinstead of 

a lab session. 

Procedure: 

1, Cut sponge into cubes of equal size and soak with water (keep 
soaking time eoual)* Squeeze until they no longer drip and 
then attach and balance (one on each arm) 



Vary oni factor at a tinie (leaving one sponge as contrcl ), Let 
students experiment > but-fae sure to cover: 

a. Air Temperature (heat with light source) 

b. Air Movement (fan air past sponge) 
Air Moisture (closed plastic bag) 



c. 
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NOTE; Vou may wish to alter 2 factors at the same time, later. 
This may allow the students to quantffy the rtlative Importance of 
each. 

3. The best way to get an Idea of the relative effect of each 
factor is to time how long it takes for the balance to shift. 

4. Have students list factors and explain their conclusions: Let 
them name the three fundamental _ factors involved. 

Condensation i 



Begin by showing off the glass of Ice water you prepared before- 
hand. 

Simply ask; Why is there moietum on the outside of the 
glam? (There should be) 
Answers inlght Include: 

1, There's a leak (not Hkely) 

2, You wetted It (don't they trust you) 

3, The surrounding air (This 1s what we're looking for) 

OK, if they say it's from the surrounding air than you 

Ask - Wh^ isn't there mter on mmrything else in the room? 
(no answer) - Try this: 

Candensatlon (the change from water vapor to llqgtd water) is 

occurlng only on the glass, 

Ask: What's different aiout the glass? 

Answers: 1) It's got water 1n It. (True, but what else) 

2) It's got ice 1n it (so what does that mean) 

3) It's colder 

The secret here is Temperature 

Ask: Doea anyone know hoiJ temperatuxie relatm to aondeneation? 
Answer: None. 
Well try this. 

Ask; Miat hceppens to air as it is aooledl 

Answers: 1t sinks (in other words - 1t becomes more dense) 

Now ask;, ka air beoomeg more dense it's oapaoity to hold water 

mpcr (1) inareaees of (B) deareasea? 

Answer ; decreases 



jummary: So that's it. Condensation results from a cooling 
irocess. Cooling lowers the capacity of the'air to hold wate 



process. Cooling lowers We capaclt.y of the air to noia water 
vapor. When this capacity is reached or exceeded by further 
cooling the a1r is said to be saturated and condensation begins, 
This air will then be at Its dew point tempergture . 



2, We have seen condensation In the classroom, but Is there any 
visible proof that it actually occurs in nature? 
Ask the students, 

(Renieinber rain, snow, hall, etc. are forms of precipitation , 
not condensatlort ) , _ , 

Answirl Clouds are our proof. They are the physical result of 
condensation. 
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NOTE: We know that condensation rtsults from a cooling process. 
What then, causes air to cool in nature. Use of an example may oe 
helpful here. Try this: 

(Example: You're mountain climbing and as you progress upward 
towards the sunmlt the temperature drops and you get colder and 
colder. Well air does the same thing. As it rises It gets colder 
and colder. So whatever causes air to rise will also cause it to 
cool . ) 

Ask the students If they can think of anything that may cause air 
to rise. 

Answers (what we're looking for) 

1) Mountains (landforms, etc.) This Is known as Orographic lift . 
That Is, a1r rising to move over a physical barner. 

2) Warm air rising. This is known as convection . Air as It Is 
heated (by the sun-earth-etc. ) has a tendency to rise. 

3) The collision of two dissimilar air masses. One is warmer or 
colder than the other. Since cold air Is more dense (heavier) 
the cold a-tr mass will sHp under the warm air mass forcing it 
higher, This Is known as convergence . 



EXTRA 

ACTIVITY: Adiabatic Rates 
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This activity gives the teacher a chance to reinforce some previously 
learned material and at the same time present new material In the 
form of a small written exercise. 

\ 

1) Begin this activity by referlng back to evaporation and the 
latent heat of vaporliatton . 

Ask: Evapomtion is a ? \ ppooesB that ? heat. 
Answers: cooling, consumes ; 

Ask: Ifliere does the heat §o7 I Approximately how much ta 
&toped per grm of watev at 0^ amtigmde? S Vhat is the 

nme used to daaorihe this Bt'ored energy (oTmWT? S 

Answers : 1 ) Into the water vapor 

2 6O0 cal/gr at 0° centigrade 

3) Latent heat of vaporization 

2) Now discuss rising air. The students are aware (from our previous 
lesson) that rising air cools, but they probably don't know that 
this air cools at a constant rate. ^ 

Stress: 1) Air cools at m constant rati of 5. go F for every 
1000 ft. gain in elevation. 
2) This is known as the Dry Adiabatic Rate 

3) Now shift your emphasis to condensation. 

Stress: 1) From our previous lesson wt learned that rising > 
cooling air may condense. 
2) Condensation 1s the opposite process of evaporation. 

Ask : Wiat do you euppoae he^pena in terme of air tempemtum 
OTid the Dry Adiabatio Mte when aondeneation ooawa^ 
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H1nt^ If there is no risponse guldt the students back to tyaporation 
and the latent heat that was stored during the ivaporatlve pr6£tss« 

Answersi 1) A1r temperatures usually rise because the stored 
heat (600 cal/gr) is released, 
2) The Dry Adiabatic Rate decreases to 3^ ptr 1000 ft. 
gain In elevation due to the same reason* 

Stress: 1) Condensation 1s the opposite process of evaporation and 
releases approKlmatily the same amount of energy as 
was stored during the evaporative phase. 

2) This releasad energy (or heat) is known as the Latent 
Heat of Condensation , 

3) During condensation the Dry Adiabatic Rate changes to a 
30 decrease for every 1000 ft. gain In elevation* 

4) This new rate (3^/1000 ft) Is known as the Wet Adiabatic 
Rate , 

5) Air may be heated Adlabatlcallv as well as cooled. 
Subsiding air (moving downward) Increases Its timperiture 
at 5.50 per 1000' If condensation is not oceurihg, 



Try the following quii:, 
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This diagram depicts a mountain range 6,000 ft. high, close to the 
ocean and lying at right angles to prevailing westerly winds. (This 
typifies the exact situation for Seattle (and vicinity) in relation 
te the Cascade Mountain range and the prevailing westerlies coming 
off the ocean.) 

Imagine you're a parcel of air being forced Inland by the westirly 
winds. You're elevation is approximately at sea level (and your 
temperature is 61° F.) when you encounter the Cascades. What are 

you going to do? Rise upward. Exactly. This is known as 

Lift, (Orographic) 

1) Condensation begins at 2,000'. What is your temperature at this 
new height? _F. (50°) 

5.5° 610 
X 2 -11° 

rrr "w 

When condensation begins the air is said to be and at 

Its . (saturated, diw poirtt) 

ReUtlva humidity is ' C100)~ 

2) You continue to rise until you reach the sumnlt at 6,000'. What 
is your ttmperature at this height? F (38) 

3.0° 50.0'' 
X 4 'JIM 
o_ TOO HOF 23 
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What form of pficipltation would you expect at this temperature? 

CRain) 

3. The mountain barrier creates fr1ct1onal drag as you cross the 
summit which forces you down the lee slope as Indicated In the 
diagram. Your a1r mass Is no longer saturated and condensation 
ceases as you begin your decent. You move downward until reaching 
sea level once more. What is your temperaturi? F (^U 

S.5 38° 
X 6 +330 

Is this the same temperature you recorded at this same elevation 
(sea level) before your assent (on the west side)? Why or why 
not? (A combination of Adlabatlc processes (cooling and heating) 
and the release of Latent Heat (condensation). 



A "Chinook" is a warm dry wind common in many parts of the Northwest. 
Could adlabatlc factors be partially responsible for this interesting 
phenomenon? Discuss 



Precipitation: 

1) Start out by asking: What vieibU proof is there for this 
proaeBB? 

Answers- Ra1n, snow, hall, sleet, etc. 

Ask- V?iat'fl 'the difference between preaipitation and aondemaHonr 
Answer: Look for something Hke precipitation 1s water (liquid 
of solid) failing to the earth whereas condensation 1s water 
suspended In air (I.e. clouds) 

NOTE: Precipitation is always preceded by condensation, but 
condensation does not always result In precipitation. 

2) Condensation and precipitation result from a combination of 
factors. 

Ask: 0iioh faotora have previouaty been diBOUBeea. 
Answer; Water and timperature 

Stress: 1) Condensation requires the presence of one more 
factor and that is condensation nuclei . 
Z) These nuclei are tiny particulates suspended in 
the air. They provide the material upon which 
condensation takes place. Droplets of water 
coalesce (group together) on these nuclei until , 
to heavy to be supported in air. 

Ask ! Cm you think of what theee nualei might be or whem they 
aome from? 

Answer: 1) salt, mostly from the ocean 

2) insoluable dust particles 

3) numerous chemical compounds from industry, etc. 
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NOTE: (prtclpltation is a natural way of scrubbing the atmos* 
ph€ri clean* Ait really 1s frisher after a rain.) 



Experiment on Atmospheric Motsturei 
Terms to know; 

(H^,) - Relative Humidity - the ratio of tha amount of water 
vapor actuan/ In the air to the arnownt the air 
could ho]d at a g1\/an temperature amd pressufei 

Using a sling piyclireiniter calculate the wet bulb and dry bulb 
temperatures for Imlde and outside the elassroom, (You may 
want to vary thts - for example the classroom ard the greanhouse 
or the locker room^ etc) 

The wet bulb depresilon is the difference between the dry bulb 
tamperature and tht wet bul b temperature (heat required to 
evaporate water froni the wet bulb will cause ft to show a lower 
temperature reading), 

1, Consult Table I and deternilne the Dev/ Point Temperature 

2, Consult Table II to deterfntne the Re1at1/e Humlalty. 
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LESSON 3 



CONCEPT: 

MATERIALS: 

INTRODUCTION: 



PURPOSE: 
PROCEDURE: 



Runoff J how 1t is generated by a watershed, 
materials are listed with experiment 

Precipitation is the source for all runoff. However, this runoff 
reaches the stream channal by four primary routes. These include: 

1) Channel Interception - precipitation that falls directly into 
the stream channel 

2) Surface Runoff - (overland flow) - That portion of precipitation 
which does not infiltrate into the soil but flows over the 
surface until it reaches a channel, 

3) Sub-Surface Storm Flow (interflow) - precipitation that in- 
filtrates into the sollj but Is diverted laterally by a layer 
of restricted permeability (hardpan, bedrock) until reaching 
a channel , 

4) Base Flow « portion of precipitation which percolates deep and 
is released slowly through time. 

To Introduce the student to runoff and the primary routes by which 
it reaches the stream channel. Also, to graphically illustrate, 
by hydrograph analysis, the effect of each route after a storm. 

1) This lesson begins where the previous one left off. That is 
with precipitation . 

Precipitation is usually* incorporated into a stream channel. 
Ask: Con you think af any wayB in whiah water rBaah&s a stremi 
Ghmn& I ? 

NOTE: Make a list. If you give them enough time they should come 
up with all four primary routes. Any ideas should fall under one 
of these. 

Answers: 1) Channel Interception ^ precipitation falling directly 



* Some precipitation is evaporated back into tha a1r before reaching 
a stream channal, Simnarily, some water is absorbad and transpired 
into tha atmosphert by plants. The combination of this water loss 
back to the atTOsphere Is known as evapotranspiratlon . 




Surface Runoff - pracipitatlon that flows over the 
surface and into a channel 
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3) Sub-Surface Storm Flow - precipitation that infiltrates 
the soil, but Is diverted laterany be restricted 
pirmeability until reaching a channel. 

Base Flow - portion of precipitation which percolates 
Heap Ynto the soil and 1s released slowly through time. 

Hydrographs are graphs on which stream flow is plotted as 
a function of time. These graphs are useful devices for 
studying the effects of storms on flooding. With the use of 
hydrogriphs accurate forcasts of stream discharge are 
possible. Such forcasts are based primarily upgn the 
knowledge of flow patterns, 

a. For example: If we set up a monitor on Miller Creek 
to graph the streamflow befortp durings and after a 
large storm we would see some predi cable changes on 
our hydrography 

Ask: Vhiah of the foid^ ppimm^y routes (previously 
dlQCUBsed) would moat likely avpply the water whiah 
shows up first an our hydrography 
Answer: Channel Interception 
Ask: my? 

Answer: Because it is incorporated directly into the 
channel (little to impede its movement out of the 
watershed) 

Show transparency. This is a typical graph denoting water 
received by Channel Interception , 

1) Note it4 relation to the storm and it's quicks but 
restricted "jump'- 

2) Ask the students why this graph appears as it does? 
1,e. 1) Why not greater in height (volume) 

2) Why Is there no time lag* at the beginning of 
the storm? 

3) Why Is there a short time lag at the ind of 
the storm, 

Answers: 

1) Volume Is restricted due to the small amount of 
surface area encompassid by the stream channel 
in relation to the total watershed t 

2) Thers Is no time lag at the beginning of the 
storm becauss water is Incorporated directly 
into the stream at monitoring station. 



*T1ma Lag - The time interval bitwaen the beginning (or ending) 
of preelpltatlon and the beginning (or ending) of this "new" 
water as shown on the hydrography 
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3) Time lag at end depends on rate at which water 
1n upper portions of channel 1s transported 
(past hydrograph) and out of watershid 

Considering the three remaining routes we have to cover 

Ask' l/hiah would be most Hksty to show up (next) on our graphs 

(following Clnnml Int&raeption) 

Answers Surface runoff 

Ask' 0iy? 

Answer: Simply because 1t has less to impede its journey to 
the stream channel , 

Water that runs off over the earths surface can vary signifi- 
cantly from watershed to watershed. 

Ask: Can you think of any rmson why Surfaae Runoff might b& 
greater on one wat&r&h&d than on another? 
Answer: It*s the amount of Impermeable surface and/or 
prectpltatlon excess ,* 

For a good example of what we mean heris try this experiment, 

CALCULATION OF SURFACE RUNOFF 

PURPOSE: To compare the relative amounts of SRO that can be 
expected from two different areas within the city. 

MATERIALS: Pencil i paper, 50* measuring tape 

PROCEDURE: You are to determine the percent of surface runoff 
that can be expected from two city blocks (or any two areas of 
similar size) In (l) a downtown area (I.e, parking lot, ttcj 
and in (2) a residential section (park, etc.) 

1) Assume that all the rainfall that reaches the ground 
continues on downward into the soil and that any that lands on 
rooftops p or other hard surface^ (asphalt, concrete, driveways, 
sidewalks I etc.) occurs as SRO* 

2) Calculate the area of block In square ft, 

3) Calculate the hard surfaced area occuring within each block 
(include area covered by buildings) In square feet, 

4) Calculate the % of RO as 

% Runoff - Area of hard surface 

Total area of block x lOOX 

Do this for each block (or several) and compare. 
NOTE: Natural areas average approximately 30% for nation 
as a whole 

* Pric1p1tat1on Excess - priClp1tat1on that cannot be Incorporated 
Into the soil. Usually because soil capacity has been exceeded. 
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Now look at the transpariney depicting Surface Runoff. Lead the 
discusston Into the following! 

1) How does this graph compare with the previous one on Channel 
Interception? 

2) Why is there a tlnie lag between the beginning of the storm 
and peak Surface Runoff (SRO) flow? 

3) What factors might Influence this lag. 

Answers to discussion: 

1) At the beginning of the storm the hydrograph rises slowly 
at first because water from only a small part of the water- 
shed reaches the channel. Then more rapidly as water from 
greater distances appear. 

The volume is much larger than CI (Channel Interctption) 
because SRO draws from the total watershed area whereas 
CI is restricted to the channel Itself. 

2) Some SRO appeafs on the hydrograph almost Immediately as 
areas nearby begin to drain. There Is a slight delay, however 
as SRO 1s always Impeded 1n its journey by overland travel. 

3) The factors Influencing the amount of time lag are 

a) The rate of flow over the surface. 

b) The distance which 1t must flow before it reaches the 
channel , 

c) The distance and rate of channel flow before it passes 
hydrograph and leaves the watershed. 



Sub-Surface Storm Flow is that water which percolates into the 
soil and seeps laterally until reaching the stream channel . 

Ask: What da you suppOBB the hydrograph looks l%k& for this 
portion of atr^mflow? 

NOTE: Have the students try and construct a graph depicting 
sub-surface storm flow on the board, 

CONSIDER: 1) Will it show up as soon as CI and SRO 
2) Will discharge be as great as SRO. 
a) What about time lag? Will it take a shorter, 

longer or equal amount of time to drain out of 

the watershed. 

After doing a graph to the student's satisfaction, show trans- 
parency for Sub-SSF* 

Discussion* Note that sub-surface stonn flow Incriasts slowly 
on the hydrograph btcausa of the tortuous route 1t follows and 
the great frictlonal resistance 1t must ovtrcome as 1t moves 
throygh the so1U Its volume Is usually below that of SRO 
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because the storagi capacity of the soil for water 1s festrlctive. 
When the rata at which mtet can Infiltrate into the soil Is 
exceeded the surplus moisture dra'ins as SRO, Similarlly, if 
the water storage capaci ty of the soil Is exceededs then surplus 
again drains as SRO. 

Sub-surface storm flow does not appear until SRO recedes • The 
time lag fonowlng the storm 1s lengthy and continues, sometimes 
for days, after the storm, 

4, There Is no sharp distinction between sub-surface storm flow and 
base flow. 

Show transparency 

Perhaps the only real distinction that can be made is in terms 
of the time period over which flow to the channel continues 
after precipitation stops, 

STRESS: 1, Sub-Surface Storm Flow can usually be identified 
as due to a given storm. 

2. Base flow cannot 

3. Base flow continues 1n slowly decreasing amounts 
over a long period of time. It Is released so 
slowly that it my represent water from many 
dtfferent stofms. It does not appear until stream- 
flow has fiCided to nearly pre-stornt level. 



FINAL DISCUSSION J 

1) Show composite transparincy showing variQus sources of 
runoff In relation to total streamflow. 

2) Discuss how analysis of aach flow might provide valid in- 
formation for forcasting total stream discharge, 

ANSWER: With a comparison of similar hydrographs collected 
through time we can have ixcellint predictions on the seriousness 
of storm flow. Comparison of Individual graphs may provide the 
necessary information to predict floods, flood levels, and 
possible damage extent. Reports of measured flow from upstream 
locations are collected to determine the aniount of water that 
can be expected to pass specific points downitraam. 

EXTRA 

ACTIVITY: 1. Construct a glass model shawing primary RO routes and a description 

of each. 

2. Lab exercise on hydrograph analysis* (See ditto) 
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LABORATORY EJffiRClSE # 7 



Hydrogfflph ^nlyala 

Purpoeel To aonstruct an analyslza o hydrograph (done In conjunction with visit 
to iuwurnga plant) 

Ifit^oductlon sA hydrograph is a graphical representation of chongns In etrcmm 
Icvol (or other flowing source of wator such as a storm ^cwur or 
water mnln) prosentcd In chronologleal order. There are numerous 
Values that can be extracted from a hydrograph through an dnalysls 
procedure , Those values can thGn bo used to study the Influonee 
of storm pattornsf storm IntensltteSs storm siESs» etc, on 
exlating waterehsdsi or they rosy be used to eviiuate the effect 
oT^frfetent vegetatlonal typesj or ground cover (such as a new 
shopping center on an empty lot or the addition of a new apairtment 
compleK to a gewer system). They can be used to determine the 
slie and capacity i needed to adequately handle a volume of water i 
b© it aurfaee runoff in storm sewrs or domeatie waste In normal 
tewr lines* 

The ten most commonly used values are* 

1, ti m time of day that event begins Cfltown, heavy use of showera) 

2, tp ^ time to paaklng of hydrograph (el a sped time between 

the start of the event and maximum flow or use) 

3, t^^a qulek flow duration Celasped time from beginning of 

event to end of major portion of use) 
A. t J » Flow duration from end of quick flow to the beginning 
of the next event 

5, * Intlal flow rate in cubic feet par minute (rata of flow 

before event began) 

6, q « peak rate of qulek flow in aubic feet per minute (rate 

of flow at greatest volume per minute) 
7* q| - rate of flow at end of quick flow in cubic feet per 
minute (rate of flow at the end of t^j^J 

8, V ® volume of quick flow in cubic feet or gallons or acre feet 

9, « volume of delayed flow for the duration of quick flow 

In cubic feet, gallonsi or acre feet (represents volume 
that would have normally occured had not the event taken 
place) 

10, ©2 * volume of delayed flow from the end of quick flow to 

the beginning of the neKt event in auble feet, gallonsi 
or acre feet. 

ygocedure I 

1, You are to record the rate of flow In cubic feet per minute of 
sewerage entering the treatment plant three timea a day for five 
consecutive days. Raeord this data Ih Table I« 

2. On a piece of graph paper plot the rate of flow versus time, with 
flow in cubic feet per minute on the y-axls and time In houri an the 
X-axis* 

3» Determine the values of the ten factors listed under Table 1. 

4, Repeat . steps 1<*3 using data gathered during a five day period in lAlah 
rain ^oceured. 

Q 5i Co^iar« thm two graphip i^at would you expect than to look Uke If i 
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a, the ground had been froMn during the rain, 
b« no rain had oceurred for the paet bIk monthe, 
c. Insbsad of rgtn the precipitation had occurred at anow which 
then melted over a long period of time* 
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Nbtal The data naadad for this exarclsa may be ealladtad In advanae by the 

Instructor to facllltata this laaeoni although this action may diminish 
the effeGtlveneas of tha activity. A tQrpothatleal hydrograph Is givan 
on tha folloidlng page lAth tha paramaters to ba gtudlad Indlcatad. 
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LESSON 4 



CONCEPT: 

MATERIALS: 

INTRODUCTION; 



PURPOSE: 



PROCEDURE: 
(Part I) 



Infiltration and storage of water In the son profile 

Listed by experiment 

The path foil owed by precipitation in Its journey from the point 
of impact on the watershed until it is discharged into the stream 
channel is a very interesting and sometimes very lengthy process. 

Part I - INFILTRATION is the process by which water enters and moves 
through a watershed surface. In general there are two groups of 
factors which control infiltration rates. These Include: 

a) factors which detennine how rapidly the surface can absorb 
HgO Cdetermines Infiltration Capacity ) 

b) factors which determine the rate at which HjO is applied to 
the surface. (Infiltration rate 1s either less than or 
equal to the Infiltration capacity.) 
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The factors most suitable for modification by man are those control- 
ling infiltration capacity. These include: 

a) Soil texture (individual particle size) 

b) Soil Struc'tu're (the arrangement of soil particles in aggregates) 

c) Nature of Soil Colloids (some colloidal materials swell upon 
wetting. Others do not) 

d) Soil Moisture Content (The amount of moisture already in the 
soil . ) 

Although these factors influence the infiltration rate, there are two 
driving forces that are essential to water moveinent- 

a) Gravity - a constant force acting on Individual water molecules 

b) Capillary - a variable force depending on the previously 
mentioned factors. 

To acquaint the students with the two main water driving forces in 
the soil and to show through discussion and experimentation the 
major factors influencing infiltration capacity. 

To understand how water enters the soil begin with a short example-, 
i.e. When we exert ourselves in any physical activity we notice 
beads of sweat on our skin. These beads of sweat flow from tiny 
pores (stress pores) which cover our body. 

Similarly, spaces or pores between soil particles allow water to 
seep downward Tn to the ITrth ' s surface. 

Stop. Ask: But have you ever wondered why water aeepB dowmmdi 
Vhat foroefe) aot on water to move in into cmd through the soil 
Btruoture? 

Answers: The first force Is Gravity . (Students will probably get 
this one right away. Find out what thty know about it.) Ask: in 
what direation doea gravity oat? la gravity a oonatmt foroe? 
Answers: Gravity is a unidirtctional force which pulls downward at 
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an times. Gravity 1s a constant forct, but when water dipth is 
greater than one molecule thickness this force is cumulative in 
nature. Each layer adds that much more weight. 

The second force 1s usually not as easy. A brief example may help 
clarify Capillary Force . 

1) Let water run into and out of a pipette. Show it to the class. 

2) Aski What keeps this laat dpop of water from mmning out? 
Answer? It's our second force. That is, Capillary Force. 

Capillary force works on and in the soil like gravity, but 1t 
differs somewhat. 

STRESS? 

Capillary Gravity 

1. Independent of direction 1. Unidirectional (always down- 

tup, down or sideways) ward) 



2. Variable force depending 2. Constant, but cumulative 

on (a) size of soil pores per layer 

(b) the physical attraction 
of soil particles for 
water 

(c) the moisture content of 
the soil 



Now that we know what drives water into the soil find out what 
influences the Infiltration Capacity* of the soil. 

Try the following experiment. NOTE- If this experiment 1s not 
possible an alternative experiment can be found in the teacher's 
guide (Part I) Investigating the Earth (ESCP) Chapter 9, page 258 
( Investigating the movement of water in earth ) 



MEASUREMENT OF hND FACTORS INFLUENCING INFILTRATION 

PURPOSE: To Identify four primary factors which effect the rate 
of infiltration of water into the soil. 

MATERIALS; Three types of soil that have been oven dried (all 
moisture removed), funnels, filter paper, water, beakers, pencil 
and paper. 

PROCEDURE? Divide class into groups according to the amount of 
equipment available. 




♦Infiltration Capacity - rate at which water can infiltrate Into the 
son. Actual Infiltration rate 1s either less than or equal to 
this infiltration capacity. • 



1) Each group of students will be given thrae sptarate jars 
of soil. 

a) clay - which has very small particlis 

b) loam - which has medium sized particles 

c) sand - which has the largest sized particles 

2) Line each funnel with filter paper and fill it about half 
full of one type of soil (do not pack soil) - 3 funnels 
three types of soil 

3) Place each funnel over an empty beaker and pour an equal 
volume of water into each of the three funnels. Record 
the time it takes between the addition of the water and 
the first drop falling into the beaker below. Put this 
data, Column #1 on table provided. 

4) Repeat steps 1-3, this time packing the soil in the funnel 
before adding the water. Record the elapsed time in Column #2. 

5) Repeat steps 1-3, this time saturate the soil with water ' 
before determining the rate of infiltration. This may be 
done by adding water to the funnels used in the first step 

and letting them stand until water no longer drips from 
funnel. Record data. 



Soil Type Time Dry Titne Satur, Time Packed 

(sec) (sic) (sec) 

Clay 
Loam 
Sand 



What are the four factors you feel effected the rate of infiltration, 
as indicated by this exercise. Let them tell you . Don't give up 
(help them with hints if needed), but eventually they should come up 
with the following: 

1. Soil Texture (individual particle size) 

2. Soil Structure (the arrangement of soil particles in aggregate) 

3. Nature of Soil Colloids 

4. Soil Moisture Content 

Ask: One mom queation. Do you think Infiltration aapaoity am 
ohmge through time? But how? 

Answer: Infiltration capacity may change due to a variety of rtasons, 

1) compaction ; As soil is compacted (by animal or man) pores 
are closed and the surface becomes almost impermeable. 

2) swelling of colloids : Some soils have a tendency to swell 
when wet. This expansion causes closure of pore spaces and 
thereby decreasing infiltration capacity. 

3) Air entrapment : Water moving Into pores may trap air below 

stopping normal flow. (i,e, gas In the stomach) 
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INTRODUCTION: 

1- StQrags - =Vlatir InfiUrating through the surface is eithtr 
stored lnthi mantli or continues to move through the soil. The 
major forces causing storage and movement are the same as those 
acting on infiltration namely- Gravity and Capillarity , Capmarity 
however may act to prevent small ports from emptying as well as 
Induce further movement into unfilled pores. 

If the soil Is occupied with plant roofs a third force absorption 
comes into play. 

Thus for a time after a dry soil has bean wetted water may be 

1) Moving out of profile into plant roots 

2) Moving Into the air by evaporation 

3) Downward and/or laterally by gravity and/or capillary 
From this we may conclude that pore size and vol ume are the major 
determinants in water movement and storage 1n the sbll. 

2. Two Important-types of soil moisture are: 

a) Gravitational H gO « water which moves freely through the 
son in responsi to gravity. 

b) Capillary water - water which is retained in soil pores by 
molecular attraction against gravity 

PROCEDURE: 1, From our previous work on infiltration we rtcogniied 
two major forces inducing water movement into the soil. They are 
(1) Gravity, (2) Capillary, 

a) These same two forces act on water storage as well. Gravity, 
for example I affects storage in two entirely different ways. 
These include: 

STRESS: 1. Gravity fills pore spaces by eKertIng a constant 
downward force on surface water. 

2, This same downward force tends to force water 
down through the soil draining upper pores as 
it goes, 

3, It Is evident that gravity exhibits a positive 
"filling" force as well as a neciatlve ^'draining" 
force on water storage. 

b) Capillary shares this same d1cotor?u^. That 1s, it Induces 
(pos) as well as drains (neg) soil moisture, 

STRESS: Unlike gravity, however, capmary force is variable 
and TOst dependent on one particular factor. 
Ask: Po&B myone know what thia faator is? 
Answer: pore size. 

HINT: There may be difficulty here either in 
obtaining an answer or understanding the answer 
given. To help clarify the Idea of capillary force 
and pore sUt bring out a pipette and procede with 
the following visual example, 

1, Allow some water to drain through the pipette. 
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2, Assuma that the larger portion 1s a partlcuUr 
soil port St 26 • SlmnaHlyi assume that the 
sm^ntf tip portion is another soil pore s1ii. 

3, Ask: Wty da&B the laQt'^ap of i^at&^ thai mne 
from the largBP poPe stop and pemaifl c>H tfiB mok 
of the amaller por^n 

Answers The capinary force is grtater here 
than In tha larger pore (above)* # 

NOTE; This Is similar to what happins 1n the soil. 

Ask? why da larger pores d^ain fipst? 
Answer 1 Btcaust the capl 1 1 ary r ttent Ion f orea^ 
in the large pores isnot sufficient to resist the 
comblnid downward forces of gravity and capillary. 

c. There rmalns one force other than gravity and capniary 
that may effect storage pf. water 1^^^ 

STRESS I This force Is known as absorp tion. 

Ask: 0iat dc you think amsma this fora& to ewist. 
Answer: Plants 

Discussions 1) Plant absorption may coma in direct 
conflict with capillary rttentlon force. 

Ask I Doea anybody kna^ why? Does anybody knM what 
coaura wh&n thia aonftiat aom&s into aquitibpiurn (both 
fora&s are equal) 

Answer: (what we're evintually looking for) - Part of 
the moisture in the soil li held at tanslons less than 
those that can be e^rted by the roots of the plants i 
and can therefore be withdrawn by them. Howiveri as 
water 1s withdrawn from the larger capillary pores, 
the remaining water 1s retained even more strongly^ 
Ultimately, the force thajt can be exerted by plant roots 
comes Into iqulllbrlum with that of the soil and further 
plant withdrawal virtually ceases. The plants then wilt. 
The moisture content at this point Is termed the permanent 
wilting point . From our previous discussion it should 
be clear that two things art major determinants of water 
storage and movement. 
Ask: Can you nmie them? 
Answers: (1) Gravity (2) Capillary 



♦Capillary Retention Force ^ the "positive" restraining force that 
retains water in soil pores thereby not allowing It to drain 
further downward, 
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Thesi twQ, partlculirly capmary» are in turn Influ- 
inced by two ethar faetOfs. 

Ask I Cm you nme thm? 

Answan Port slie and volume are what we're after here, 

EXPERIMENT Construction of the Hydrologic Cyclt as 1t functions within a 
AND/OR typical city. 

EXTRA ^ 

ACTIVITY: PURPOSE: To allow the student to use the previous information 
gathered in lessons 1»4 and to construct a dlagrainatlcal sketch 
Includtng as many segmints of hydrologic cycle as possible, 

MATERIALS: Pencils paper, erassr, and possible straight edge 

PROCEDURE: 1) Construct a diagramatlcal sketch of the hydrologic 
cycle as it occurs in nature (on a macra^scale). Think of yourself 

NOTE: You as a water molecule In the ocean (or cloud, etc.). As you evaporate 

may wish to from, the ocean (ojr fall _f^^^ 

have the you have both before and after (you evaporate or fall). Draw In 
class split these segments and label them accordingly until you feel you have 
up. Half exhausted the options possible, 
doing #1 

and half 2) Do the same as above only this time the options possible in and 

#2. around your community, (a micro-scale). Instead of sketching how 

the hydrologic cycle naturally occurs sketch the segments as they 
apply specifically within the city. (i.e. Instead of a tree we may 
end up in a factory, etc.) 

3) The sketches accompanying this lab should be representative of 
what the students should attempt to attain. 
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LESSON 5 



CONCEPT! Freshwater Ecology (analysis of the chemical and bioleglcal frame- 

work of a stream and their direct relation to water quality standards. 

MATEPl^LSi Materials for this section are given with correspondlrg exparlnients. 

INTRODUCTION: No study of water (or watersheds) .would be complete without a 

comprehensivi field survey of what actually exists In a given stream. 
Laboratory work Invastlgating field conditions fulfills a variety of 
important objectives. 

1) It gives the student an opportunity to relate concepts ^ taught 
In the classrooni, to the outdoor ervironinint , 

2) It allows the student to sea first hand the Interrelationships 
of natural cycles, How evarythlng Is connected ^ to averythlng else, 
(For axamplei how a storm might effect erosion, runoffs straamflow* 
and biological and chenilcal factors Including man himself 

3) It gives the student an opportunity to operate experiments in a 
scientific manner, Perhaps opening ideas for possible career 
education, 

4) Data analysis proyidas real life eKamples of the biological and 
chenilcal makeup of a freshwater stream, 

5) Indicators in above analysis (l,e. pestlcldeSi low DO, insects 
tolerant of polluted conditions, etc.) give insights into the water 
quality of local watercourses. 

6) Indicators sited above give clues to currant problams and 
thereby open the door for the devalopment and Iriiplemantatlon of 
workabla solutions. 

NOTE: This Is perhaps the most important lesson In this package. 
It gives the student sbmething he can physically toucli, smell, 
taste, observe, etc. And w1tn a limited amount of effort opens 
the door to water problems and perhaps thetr eventual scluttons. 

PURPOSE I To allow the student to cQllect, analyze and record pertinent 

physical, chemical and biological data for the purpose of datarmlning 
water quality. This analysis will contlriue for an eHtarded period 
of time to allow trends to be established and to anow comparison 
with professtonal data alraady asilfnilated. Furthermore, this 
record of local straam data wtUp hopefully, prove halpful to the 
scientific community and water planning commission In their analysis 
and Implementation of water managament strategies, 

PRDCEDURE: This lesson ts composed of various field and laboratory studies 
with the emphasis focused on how each relates to wtsr quality 
standards. Samples and some work must Be conipletad tn the field to 
prevent errors in results* Other work can N iccompltslied in the 
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lab back scKool , All results fflust ba recorded on a mst^ip 
data sheet* and filad. This wfll allow conipartsons f roin day to 
day, month to montFij vtar to year 9rd so on, If inore than ©na 
school ts involved Cthsre should be] than each school wtll keep 
tt^s own ftla and results, Thts wtll anow conipartsons frow ciisi 
to class and school to school. 

Procedures will follow etther of two methods, If a Hach (or any 
other setentfftcany acceptable) Kit 1s avatlable then methods will 
follow thoie gfvan with that specific Ictt. If a ktt Is not available 
then procadures will follow those outltnad tn this lesson. 

Methods by which results were obtained should be noted for each 
e5<per1niant, (For examplei Hach Kit, LaMotte Kit, or Lesson Guide,) 

In addition to this sampling will onlj be condueted at \fariQUS 
stations along Mfllar and/or Des Moines Creek, (Schools ma> vish 
to sample either one or both creaks. Separate files should be kept 
on each creek to avoid any nilKlng of data j To avoid cDnfuslon 
exact location of sampling stations will be onfiitted, Teachers 
should set up a data with the environmental specialist to locate 
stations prior to any field investigations of this sort. 



Field Studies irclude: 
A, Physical 



B, Chemical 



C. Blologica' 



Velocity of Flow 
Volume of Flow 

Tamperature 

Dissol ved Oxygen 

Biochernfcgl Oxygen Demand 

Bacteria^ Col Iform 

Nitrates 

Phosphatas 

pH 

Surber Sample 
Ekman Dredge 
Basket Sample 



Field QiJide 
A. Phystcal 

1* Velocity of Flow: 

(Information) Tha rate (or velocity) of streamflow 
Influences a great many factDrs In the aquatic environment, 

a. For eKampli, thera is a direct relationship between 
the Gomposltion of the stream bed and rata of flov/. 
A rapidly moving streain will carry along fiiiich debris 
leaving only the larger haavlar particles behind. 

In slower wters, »the bottom debris contaifis smaller 
and lighter particles.. 

b. Rati of flow also requtrss adaptation by certain 
plants and antmals. Only plants and animals suitable 
for ex ts tenet In a ccnitarti often quite vlDlinti 
motion can survive here. 



*S€e sample of Master Data Sheet in following section 
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c. The amount of Dissolved OKygen available to 
aquatic organisms is largely controllecl by thi 
amount of agitation or aeration of the surrounding 
water. Fast running turbulent strsams are usually 
higher in D.O, than slow moving more placid water= 
courses. 

d. Temperature is also affected the velocity of flow. 
Aeration by turbulence and Increased velocity causes 
greater evaporation to occur (by stirring or spread- 
ing water out over a larger surf act area). This 
evaporation causes cooling thereby affecting temp- 
erature, 



Lab Section : Materials and procedures for field work on 
Velocity of Flow can be found in "Freshwater Ecology." 

Method 1 

Matirials - a| stop watch 

b) known length of string 

c) buoyant object such as an orange or a 

styrofoam ball 

Procedure - Stand near the center of the stream andj having 
set the stop watch * drop the abject on the and 
of the string into the watar, At the moment 
the object hits the watari start- the watch. 
As soon as the string becomes tightj stop the 
watch. During this prdcedurft the hand holding 
the string should be as near as possible to the 
surface of the water. 

You have now recorded the tim and the distance 
(length of the string). If the string Is measured 
in meters, you can very easily compute the velo- 
city In maters per second. Repeat this procedure 
3 or 4 times arid avaraga the results. 



Method 2 - The Thrupp Method 

Materials - a) straight flat bar or metal or wood 
b| two nails or pegs 
cj rnater stitk 

Procedure - Sat up the apparatus as shown In Figure 5,6, 

Place it 1n the water with the nail end upstream, 
holding the bar and meter stick parallel to and 
slightly below the surface of the stream. Ripple 
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patterns will bi set up as shown In Figure 5.7. 
As the stream velocity Increases, the Inter- 
section of the wave patterns (B) will take place 
farther down the meter stick. Measure the dis- 
tance AB in cm. Calculate the surface velocity 
in meters per second as follows; 

When P^Pj ^ 10 cm, use v = 0.1555 D 

Whan P,?, ^ IS cm, use v ~ 0.1466 D 
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In these formulas, v - surface velocity in 
matars per second and D ^ distance AB in 
centimeters , 

NOTE: This method will give you only surface 
velocity and cannot be used In very slow-moving 
streams. 



2* Volume of Flow: 

Many of the same factors which are influenced by flow 
velocity are influancid by volume. 

A. For instance, the composition of the stream 
bed is affected by large amounts of water, A 
large volume of water will move larger amounts 
of bottom material. This would In turn affect 
plant and animal habitation as well as the 
amount of food transported and avail able to 
these organisms. 

B. A greater volume of water can withstand griater 
amounts of pollution. This is possible siinply 
because of the dniytion factor. Mora water 
allows greater dillution which increases the 
speed of silf-purif ication. 



Lab Section : Materials and procedures for field work on 

Volume of Flow can be found in "Freshwater Ecology 

Hatariais: a) stop watch 
b) float 
Q) tape measure 

Procedure: Detemlne the following values: 

t--the time in seconds required for the float to 

travel a measured section of a straam 
l*-the length in meters of the straam section 
w--the average width in matars of the stream section 
d— the average depth In meters of the stream section 

To compute the rate or volume of flow in cubic miters 
per second, use the formula 

r ^ wdal 



where a is a constant. The value of a is 0.8 if the 
stream bedl is composed of rubble or gravel ^ and 0.9 
if the stream bed is quite smooth (sandj mud, silt, or 
bedrock) . 
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If you have.alriady measured tht stream yelocity in 
meters per second by one of the methods outllnad in 
Section 5.13, use the formula 

r - wdav 

where v 1s the velocity of the stream. 

PROBLEM: If you measure the volume of flow for the 
same stream In a very wide section and In a very narrow 
section I will the two values differ? Give your reasons 
for your prediction. Now rtiaisuri the values. Was your 
prediction correct? 



B. Chemical 

1 , Temperature 

Temperature plays an important role in two specific 
areas. 

The first area which timperature influences directly 
is species diversification ^ Each stream has certain 
plants and animals that are best suited to a particular 
type of environment i This environment depends a great 
deal on temperature and tempifatura aKtremes. If there 
is a radical change in tempefature, the environment also 
changes as do the plants and animals best suited for 
that environment. 

Temperature also afficts the dissolved oxygen level of 
a stream. Cold water usually contains more DO than 
warm water. A change In tempariture may result In a 
change in DO. Since osygen is required by all living 
things any change in its abundance may have a direct 
effect on all "living" actlvitiis. 



Lab Section ; Materials and Procedure for field work on 
temperature. 

Materials: Most non-clinical and non«cook1ng thefmometars 

win suffice, Raadings should be made in degrees 
Centigrade. 

Procedure: For waters less than 5' in depth » readings at the 
iurfaca are usually sufficient. 

2. Dissolved Oxygen 

Oxygen Is required by all living things. Oxygen in 
water is necessary for the breakdown of wastes and waste 
material. The aTOunt of oxygen (Dissolved Oxygen -DO) 
1n water is very critical. Man often forgets how import- 
ant oxygen Is because there is always enough oxygen in 
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the air we breathe. In wateri however i this is often 
not true, Air contains approxlriately 200,000 parts per 
million oxygen whereas good clian cold water only 
contains about 10 ppm. The concentration of oxygen is 
critical and varies with temperature and atmospheric 
pressure. 

The effect of wastes (those that can be oxidized or 
broken down) on streams, the suitability of the water 
for fish and other organisms , and the progress of self 
purification all can be measured by DO determination. 

NOTE: DO samples should be procsssed irrmediately 
because oxygen reactions continue 1n the stream or in 
the bottle. 

Lab Sections: Materials and procedures for field work on 
Dissolved Oxygen. (See Hach Kit) 



3. Biochemical Oxygen Demand 

This is a basic procedure used by sanitary angineers to 
evaluate the effects of domestic sewage and industrial 
wastes in treatment plants and receiving waters (creeks, 
streams I rivers, etc) 

During the time organic matter In sewage (or any other 
water) is being changed by bacteria from the decomposable 
to the next stage , oxygen is being used. The amount of 
oxygen used by this action is call id the BOD of the sampl 
The BOD test determines the amount of oxygen required to 
stabiliie the organic material in a sample. Because 
of the relationship between the organic food (human 
wastes* garbage, etc.) bacteriap and oxygen, this test 
indicates whether a sewage is strong or weak, and also 
provides a means for measuring how effective treatment 
processes are. Tests on final sewage treatment plants 
effluents provide some Indication as to how this effluent 
win affect the stream or other receiving water. 

Lab Section: Materials and Procedures for field work on BOD 
(See Hach Kit) 



4. Bacteria (Coll form) 

The coliform bacteria test is for a group of bacteria 

that live in the Intestines of humans and other animals 

and oecasipnally are found in soil. When present in 

water thty are the result of pollution or contamination 
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by sewage or surface water avtn though they are not 
harmful in themsilvas. The test then is not for 
spiclfic disease causing organisms (germs) but rather 
for the fanilly of Intestinal bacteria which accompany 
nearly all waterbornii disease germs. 

Lab Section: Materials and Procedures for field work on 
Collfomi Bacttrla (See Hach Kit) 



5, Nitrates 

Nitrate represents the most completely oxidised state of 
nltrogin coimonly found In wateri High levels of nitrate 
1n water indicate biological wastes In the final stages 
of stabilization or run-off from heavily fartniied 
fields (conmerclal fertilizers contain nitrogen 1n the 
form of nitratii, ) 

Nitrate-rich effluents discharged Into receiving waters 
can degrade water Quality by encouraging exGessive 
growth of algae. (As large concentrations of algae 
die, oxygen is used up in the decomposition process 
thereby reducing the dissolved oxygen contint of the 
water and therefore affecting water quality,) 

Lab Section: Materials and Procedures for field work on 
Nitrates, (See Hach Kit) 



6, Phosphates 

Phosphates are widely used In municipal and private 
water treatment systems and often occur 1n natural 
waters , 

Phosphates enter the water supply from agricultural 
fertilizer run-off, water treatmiiit, and biological 
wastes and residues. Industrial effluents related to 
corrosion and scale control, chemical prociSs1ng» and 
the use of detergints and surfactants contrlbuti signi- 
ficantly. 

A certain amount of phosphate Is essential to organisms 
in natural waters and 1s often the limiting nutrient for 
growthi Too much phosphate can produce eutroplilcatlori 
or over-fertilliation of receiving waters, especially 
If large amounts of nitrates are present. The result is 
the rapid growth of aquatic vegetation in nuisance 
quantities, and an eventual lowering of dissolved 
oxygen content of the like or streani due to the death 
and decay of the aquatic vegetation, 

Lab Sections Materials and Proceduris for field work on 
Phosphates. (See Hach Kit) 
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7. pH 

Thi pH test is a miasurefntnt of the intensity or activity 
of add or alkaline (basic) materials In water. A pH of 
less than 7,0 is acid, while 7.0 Is neutral and above 
7,0 1s alkaline. The entire scale runs from 0 to 14; 
therefori 3 would be very acidic and 10 would be very 
basic (or alkal Ine, ) 

Most living things do best in a pH range between 5,0 
and 8,0. Drinking water is best at a pH of from 7,2 to 
7,5, If pH gets much below 6 or above 8, very little 
will grow and water becomes essentially sterile. 

Lab section: Materials and Procedures for field work on 
pH (See Hach Kit, 



C. Biological 

Banthlc (or bottom) Studies: 

1. Benthic organisms are considered good Indicators of long 
term water quality conditions, Thay are sensitive to 
environmental changes and manifest these changis In. 
their community compositloni speeies abundance and 
diversity, 

2* An ollgotrophlc (usuany low 1n plant nutrients and 
high in dissolvid oxygen) clean water stream has 
flora and fauna Indicative of the clear water condi- 
tions (high quality) , 

3, Likewise, the ecology of eutrophic streams indicates 

(through Identification of dominant species) the relative 
degree of eutrophication* and/or pollution 



*Eutrophfcat1on - Usually referred to as the "natural" dying of a 
lake or watarbody. Usually indicattd by high nutrient levels 
(algae, ate) and low dissolved oxygefi content. The eutrophication 
prociii may be graatly sptided up by man^'made pollytants. These 
organic pollutaiits Increase the nutrient load of a waterbody tre- 
mindously. As these nutrltnts dfcompose, oxygen is used up. If 
load 1$ too great the dissolved oxygin content may reach zero re- 
suiting In tm briakdown of the natural systm and death to all 

TDir its inhabitants. 
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Table #1 ^ _ 

Insicts Associated with OUgotrophlc (Clean Water) 
Conditions : High Qual ity 

Common Name Order 

Stoneflles Plelotira 

Mayflies Ephemeroptera 

Caddlsflles Trichoptera 



Organisms linked with organically polluted environ- 
ments are listed in Table 11. The presence of these 
organisms is not necessarily due to pollution» but 
are tolerant to ponuted conditions. 



Table #11 

Insects Associated with Polluted Conditions; 
Quality 



Common Name 



L.OW 



Midge fly larva 
Bloodwomi 
Sludgeworm 
Sewagefly larva 
True midges 
Blackflies 



Tendipididae 

Lumbrlculidae 

Tubificldae 

Bsychoda 

Chironomidae 

Simulidae 



The quality of a stream or lake can be continually 
monitored by benthic organisms in a variety of ways, 

1. As we have just noted, certain species prove to 
be Indicators for certain water conditions. (Healthy 
Ollgotrophic or Unhealthy - Eutrophic conditions) 

2. Just as individual species (and their relative 
abundance) can be indicators of water quality, the 
diversity of different species proves to be likewise 
helpful . 

a. This 1s to say, that under most circum- 
stances a high divefsity of species yields high. 
quality water whereas Twater with low diversity 
is likely to be low in quality also. 



b A Di versity Index Is a method of idintifylng 
water quality. The diversity index of a stream 
equals the number of families divided by the 
natural logarithm of the total number of orflanlsm(s) 
per square foot (D.I. ^ # Fam./Logg Total #) 

64 



5^n 



c. A d1\^ers1ty Index of 3.5 and larger is 
conslderad to bi Indicative of a healthy, 
baUnced community of organisms* A D,L 
of 3.5 or less Is Indicative of eutrophic or 
unheaUhy conditlans. 

For exarrtple^ 

# Families ^ 14.00 # Fainllles - 4.00 

Total # ^ 17.70 Total # -85.00 

Log total ^ 2,28 Log total - 4.44 

D.L ^ 4.87 DJ. ^ 0.90 

(Healthy Ecosystem) (Unhealthy Ecosystem) 

To yield consistant diversity IndeK calculations 
consistent samples of study populations must be 
taken. Geiierelly, this Is acconipllshad by repe- 
titively sampling the same aret.; by setting up 
sampling stations and by sampling the same amount 
of area with the same device or technique each time. 



Bent hie Sampling 

The Surber Sai^pler ^ This apparatus should be used to sample 
riffle areas s wheri organisms are dislodged by hand from 
the rocks etc. within the square foot bottom frame of the 
apparatus. Riffle areas are those stretches of the creeks 
which have rocky bottoms and relatively fast currents. 

Organisms ar^ colUcted only once for each station and 
collection is ra^tflcted to the square foot frame resting 
on the bottom. Each sample should be carefuny inspected 
and sorted in a eUan tray. All living organisms should 
be collected and pfeserved for identification and counting 
back at school. Collection is separata from station to 
station and organisms should be labeled as such. For 
example: Collecting Jar #1 ^ Organisms from Surber Sample - 
Station #1. 



The Ekman 'Dredga ; For non-rlffli areas, the bottom material 
and its inhabitants Is collected with an Ekman dredge. 

Organisms are separated from substrate material by passing 
the material diluted with water through a standard #30 
sieve. As with the Surber sample, organisms are preserved 
for Identiflcttion and counting at a later date. Samples 
from each station art kept separately and labelled as such. 



The Basket Sample : Baskets are initially filled with rocks 
and sunk at sampling stations. (Be sure to mark its location). 
At monthly intervals these baskets are anptied and picked 
clean of all Inhabitants, 
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Organisms* as beforei are labelled accordingly and pre- 
served for Idantlflcation and counting. 



Final Analysis and Recording 

After experimentation Is complete final results are to be logged 
on the Master Data Sheets* for each school. 

*For eKample: 

Master Data Sheets 

NOTE: Master Data Sheets must be filled out for every field 
trip applying to this lesson plan* Only In this manner can 
general trends in water quality be idant1f1ed. If more than 
one school is involved then comparisons are possible and these 
may help validify any scientific information gained. This Is 
your chance to share your knowledge with others* Fill out your 
Master Data Sheets after results of each field trip are complete. 

Miller Creek is designated a Class A quality stream. How do your 
results compare with the standards given. See: Washington Class A 
Water Quality Standards 
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MASTER DATA SHEET 



PHYSICAL PROPERTIES 



Date 



ERIC 



Creek 



Station # 



Method Used 
(brief description) 
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Water Velocity 



Wattr Volume 



MASTER DATA SHEET CHEMICAL PROPERTIES 

Name of Creek: Miller r.r^ek 



ERIC 



Date 


Station # 


CO Temp- 
erature 


Dissolved 
OKygen 


Biochemical 

OKygin 

Demand 


Bacteria 
ICoHform) 


Nitrats; 


Phospl'iats 


pH 
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I MASTlFt DATA SHEET BIOLOSICAL PROPERTIES 

: Name of Creek: 

V Dit«: Method Usidt Surbir Sampler 



Family 


station #1 


Station 12 


-* 

Station #3 


Station 14 


Station #S 


To tail 


BicHdae 
e-tc. 

f 


157 


91 

• 


126 

* 


ns 

• 


167 


659 


Xndtfx 
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MASTER DATA SHEET BIOLOGICAL PROPERTIES 

Name of Cr^tk* 

Date: Mathod Us id* Ebian Dredge 



Family 


Station #1 


station #2 


Station #3 


Station # 


Statior 15 


Total 








i 








D1 vefsl ■ 
Index 


y 
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MASTER DATA SHEET BIOLOGICAL PROPERTIES 

Name of Creek: 

Date: Method Usadi Basket Sample 





Station #1 


station n 


Station #3 


Statlor 14 


Station #5 


Total 




' u 












Diversity 
Index 
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MASTER DATA SHEET 
Name of Creek: 



BIOLOGICAL PROPERTIES 



Date: Total Count; 

Including Basket _ 
(Check if yes - should occiir 
onct every month) 



Surber Sampltr, Ekman Dredge (At monthly 
intervals - Basket Sample should also be 
added - but be sure to check on space pro- 
vided;) 



Station #1 



•Station 4?. l Station #3 



Station #4 



Station #5 



Total 



Diversity 



EP^C Index | 
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WASHINGTON STATE CLASS A WATER QUALITY STANDARDS 



(a) General characteristic. Water quality of this class shall meat or excetd 
tht requirements for all or substantially all uses. 

(b) Characteristic uses. Characteristic uses shall include, but are not 
limited to, for following ^ 

(i ) Wattr supply (domestic, industrial, agricultural). 

(II) Wildlife habitat, stock watering. 

(III) Gtreral recreation and aesthetic enjoyment (picnicking, hiking, 
fishing, svylmniing, skiing and boating). 

(1v) Coiiwierce and navigation. 

(v) Fish and shellfish reproduction, rearing and harvest. 

(c) Water quality criteria. 

(I) Total conform organisms shall not exceed median value of 240 
(fresh water) with less than 201 of samples exceeding 1 »0Q0 when associated with 
any fecal sources of 70 (mafine water) with less than 10^ of samples exceeding 
230 when associated with any fecal sources. 

(II) Dissolved oxygen shall exceed 8,0 mg/1 (fresh water) or 6.0 mg/1 
(marine water) . 

(ill) Total dissolved gas - the concentration of total dissolved gas 
shall not exceed VQ% of saturation at any point of sample collection, 

(iv) Tanperature - water temperatures shall not exceed 65° F. (fresh 
water) of 61° F. (marine mter) due In part to measurable (0.5° F.) increases 
resulting from human activities^ nor shall such temperature increases, at any 
time, excted t * S0;CT-19) (fresh water) or t * 40/(T-35) (marine water); for 
purposes hereof "t" represents the permissive increase and "T" represents the 
water temperature due to all causes combined. 

(vj pH shall be within the rcnge of 6.5 to 8.5 (fresh water) or 7.0 
to 8. S (marine water) with an Induced variation gf less than 0.25 units. 

^vl) Turbidity shall not exceed 5 JTU over natural conditions. 

(vii) Toxic, radioactive, or deleterious material concentrations shall 
be below those of public health stgnificance, or which may cause actue or chronic 
toxic conditions to the aquatic biota, or which may adversely affect any water use. 

(v111) Aesthetic values shall not be impaired by the presence of materials 
or their effects, excluding those of natural origin, which offend the senses of 
sight, smell, touch, or taste. 
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LESSON 6 



CONCEPT: Water Resourci Managiment (Approaches to tht solutions of H^O problims) 

MATERIALS: None 

iNTRODUCTlON: Water resource managenient includes a mj^riad of activities undertaken 
to obtaini distributes usti regulatii treat and dispose of water. 
Basically these activities are of three types. 

1. Those concernad with 

a. Allocation and distribution of eKistIng water supplias* 

b. Regulation by Itgal and aconomic means, 

2* Those activities which siek to use existing supplies more 
effectively, 

3, Those which are concerned with changing water yields; their 
quantity I timing (reg1nien)s qual ity» or location. 

a. Quantity (Problems of absolute supply) 
Solutions : - Import water 

- Artificial control of weather 

- Desallnliation 

- Reduction of evaporative losses 

b. Timing (Problems of regimen) 

- This includes ixtremas in streamfloWj parti cularily floods 
Solutions: (Flood control) - increasing the capacity of 

the channel to handle excess flow 

- decreasing the volume of water 

so it does not exceed the capacity of the channel, 

c. Problems of water quality: 

Solutions: - Developmant of a different supply. 

- Treating the existing supply to make it usable. 

PURPOSE: The intent of this lesson is to acquaint studints with some of the 

basic problems and/or solutions of watirshed management* Perhaps 
more importantly * howaver, to stimulate action and awareness in 
their own community water probjems and provide the groundwork for 
active involvement. 



PROCEDURE: The field work on Miller and/or Des Moines Creek has provided us 
inforniation on the physicals biological and chemical framiwork of 
these watercQursis, This infonnatio^n allows us some insight into 
the present status (qualitys quantity, regimen^ etc) of each creek. 
As you discuss the following problems and solutions of watershed 
management continually focus your attention on how each might be 
applicable to your own water supply (i.e. Miller and Des Moines 
Creek). In other words^ look at each problem on a local, personal 
basis (it is your water) and then try to come up with soma workable 
solutions. Write them down as if they will be used - They may be . 
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Theri are isssntlany thrat artas of water resource management, 
Ths first of thisi 1s: 

Stress : 1) Those concerned with aTJocatlon, dlstributlop i and 
regulation of iKistIng water supplies. NOTE; Throughout 
the U. S. most water rasource problwis Involve social and 
legal problems of competing use.) 

Ask; Ja ther^e my mcmplMs within tM fftate of Washington that 
appty to this problem of aarr^eting use. 

Answer- The Columbia River 1s a perfect exampla. Look on a 
map of the U, S. and see how many states border (and thereby 
ihare) this large river. 

In addition to this, in the last few yeafs there^s been increasing 
political prassure to divert Columbia River water to the arid 
Southwest. 

Ask: What^B your opinion? Disauss adi>mtc^0B and disadvmtagBB , 
For e3:o^le: One ^vantage is that it mutd hslp fcuming and 
food produation. One disadvantage may ^ that anadromauB fish 
(Balmon^ ateBlhead^ eto*) vuns^ which d#p#wd on high flows to 
tTigg§r migration and mainvain suii^le temperatvireB^ would bm 
destroyed or deplet&d. This would aau&e tJw loss of a Very 
profitable md mjoy^l^ fishing indu$tvy^ 

NOTE* In each case be sura to weigh eac^ side of the issue. 

(2) The second area of water rasource managemant 1s - Those 
activities concerned with using existing supplias of water more 
effect ivalv. 

Discuss ^ Local actlvitias or methods which fall under this 
category and how they might increase ifflclency of local water 
use, For eKampla: (1) There Is a water treatment plant en 
both Millar and Dts Moines Creek. Treatment plants usually 
help purify polluted (unusable) water and then recycle It for a 
variety of uses. (2) Reservoirs act as storage areas where 
surplus water can ba detained and then released at critical 
low flow (or drought) periods , 

(3) Modifying water yields is the third and perhaps most 
extensive area of management. It's difficult to change one 
characteristic without changing the others » so alternatives 
must ba looked at carefully. 

a) Problems in Absoluti Supply - mmy parts of the world 
simply suffer from insufficient water supply. 

Ask: Cm you think of my alt0mativ&6 for obtaining 
additional waters 

* 

(NOTE: Here ara four examples of what we're looking for. 
If you can think of more - great) 
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1) Importing : Bring in water from regions of sufplus 
(i\e. Columbia River to the Southwest perhaps) 
Discuss: Problams Involved, What about axpense? 
Conflicts by consumers? Enginiiring problems? 

Keep thi discussion open and frta to Ideas i examples 

2) Weather modification : Increase rainfall , Cloud 
seeding * 

Problenis for Discussion: 

(a) Reliability - can we depend on It? Cloud 
seeding is a complex subject* There must be clouds 
or a moistiirt saturated atmosphere before precipi- 
tation (artificial or not) v^ill fall. 

(b) Costs: Cloud seeding Is expensive and dqesn't 
work all the time, 

3) Dasallnizatlon: The change from salt water to usuable 
fresh water, 

Problems: 

(a) Cost - Conversion Is possible but the cost of . 
water Is 5-10 times greater, 

(b) Practicality - Cities inland find It unrealistic 
and uniconomlcal to convert and transport desalinated 
water. 

4) Reduce Evaporation ; Save water by preventing eva 
poration before use. 

Problems: 

(a) Methods involved - 2/3 of all the water falling 
on the U. S, returns to the atmosphere before it 
reaches a stream. In addition, significant quantities 
are lost from streams * lakes ^ and reservoirs. To 
stop evaporation we must separate two things. Water 
and Energy . How? Build roofs over reservoirs /store 
water unaergroundi etc. 

Problems of Regimen (Timing) 

Many water problenis are due to the variations 1n stream- 
flow with time. 

Stress: 

1) Although absolute supplyi dealt with previously^ 1s 
not a local problem (Burien I Des Moines) Regimen is! 
In fact, this is perhaps the greatast problem eoncerning 
Miller and Des Moines Creeks. For this reason any prob- 
lems and/or solutions found may be directly applicable 
to the current local situation. Make the students real 1m 
that this lesson is actually comrtiunity involvefnent . 
Solutions or alternatives they come up with can (and 
should) be submittad to local water planning cormlsslons 
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such as RIBCQ* or Sea-Tac Conriunity Planning Commission, 

A comprehensive plan is being done on Miner and Des 
Moines creeks as well as the Green « Duwamish and Cedar - 
Lk, Wishlngton drainage basins* 

Citizens are asked to share their opinions ^ values and 
goals for the invlronment of these areas. Technicians 
alone cannot decide the quality of life for your area - 
you, as a concerned citizen, must make these decisions, 

ADDRESS: R.I.B.C.O. 

410 West Harrison 
Seattle, WA 98119 
Phone - 284^5100 ' 

(a) Floods : We cannot control all foods, but many 
high flows can be reduced by man so as to prevent 
serious damage and/or problems. 

Stress: (1) Mo^it floods share a common denominator - 
That ISi a flow that excieds the capacity 
of the channel , 

(2) Flooding Is not an uncommon occurance 
along Miller and Des Moines Creiks. 

(3) This problem (flooding) is a major 
community issue right now, 

(4) RIBCO Is currently working (with citizen 
support) on a comprehensive watershed 
management plan for these same two water- 
courses. 

(5) This is the student *s chance to have a say 
In community action and help decide their 
own quality of life, 



*RIBCO (River Basin Coordinating Conmittee) 1s an environmental planning effort 
which Includes the study of water resourcesp urban runoff, solid waste managements 
land use and watir qyality, 
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Discussion : 

The goal here 1s to come up wUt[i__some valid workable 
SQlutions , Should the students desire Und they should) 
they can send any proposals to RIBCO or presint thern at 
a RIBCO community meeting In your area. 

1) Begin by stating the two basic methods of flood control: 

a ) Increasing the capac t > of the channel to 
handle excess flow . ^^'^ ~ ~ 

Now let the students go, Let them discovtr 
and explort any possible alternatives . List 
them as you go. (Remember these are going to 
be submitted as real liveworkab*. solutions* 
Keep stressing this* It's not just idle workj 

Alternatives the students find might Include: 

1) Construction of levees to Increase bank height. 

2) Dredging the channel to make 1t deeper, 

3) Developing a floodway (essentially a second 
channel) 

4) Increase speid of flow (channel straightertlngi 
removing obstacles, smoothing channel s1d©$,) 

Discuss every alternative. How acceptable Is 1t 
to the students? What are its problems t its 
advantages? Look for the best possible $olution* 
Weigh t factors', (1.e, money, ecology^ fish, 
people ) 

b) Decreasing the volume of water so it does not 
exceed the capacity of the channel . 

"(This essentially involves storage of water in 
one place or another. For examplej reservoirs i 
ground water acqulfers, ponds ^ etc.) Follow 
the same method as before. List and discuss 
alternatives as students come up with them* 

C, Problems in Quality: Much of the water in the 

Is unsuitable for many uses 1n Its natural state and 
more has become unsuitable because of man-rnade pollution: 
The major alternatives where water quality 1s unsuitable 
for use are; 

Stress; (1) Development of a different supply, 

Aski Dobs thia aatve th& prohtm? Do&b poltutim 
go mcy? 

Answer: There Is no awayl Our earth is essintlally 
a closed system (like the water cycle) 
(2) Treating the existing supply to make It 
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NOTE^ We must not think of "usable" in terms of 
man &niy. He is only one part of the entire iCosysteiTi. 
All Qther species, both plant and animal depend on 
water tn someway or another. 

Nov* Ask: What are some T&aBon& for poor water quatity^ 
HINT 2 Have the students refer back to their own ^ 
eKperience In the field. What factors influenced 
the quality of the creek they studied? 

Answers; Some important reasons for poor water 
qualfty Include: 

fa) Sedimentation 

(bj Mans use of water as a receptacle of his 
wastes (i.e. sewages grease* oil, phosphates* 
etc, , etc, ) 

(c) Pesticides, herbieides and fertilizer salts 
(reach water as a consequence of other 
activities) 

Tht students should list these and/or other reasons 
for poor water quality. In every case discuss each 
reason In terms of 

(1 ) how 1t occurs 

l2) who or what is responsible 

f3) what are it's consequences 

(4) what's the solution 

For E>cnmple: 
gidlrnentation: 

TTnisualty the result of increased watershed 
erosion. 

2) Any number of things may be responsible. 



Corns'Squences: 

1) F1sh and wildlife adversly affected, 

2) B1ot1c productivity 1s reduced. 

3) Water treatment costs increase^. 

41 Hydropower turbines wear out more quickly, 
5) It fills reservo1rSi reducing their capacity 

Solutions- 

1) Wise land managamint practices such as strip 
farmlngi holding ponds, stringent controls ori' 
road construction and building permits, no 
disruption of soil along streams, etc* 



Natural 



Man-Made 
poor farming practices 
road coi^struction 
clear cutting 

building on the flood plain 
In general - poor land 



iandslldes 

floods 

earthquakes 



management 



79 



6^7 



Final Toptcs 

Stress: 1) The basic solution to water quality problems 
is the prevention of excess . 

2) Each stream has the capability to cleanse 
itself of pollutants, 

3) When we overbaleince this capacity for self- 
purification water quality 1s reducid. 

4) Priyantlon can ba accompli shad. 

Many of the problems of poor water quality are the direct 
result of man . It is thartfore up to man to either find 
solutions for thesi problems or to cease his contamination 
of our most important rtsourca. It's Our Water, And Our 
Lives Depend On It. 

EXTRA 

ACTIVITY; Make a list of clubs or invironmental organizations In your area* 
Attend RJBCO community meetings and others. Voice your opinion. 
Become involved. Save the Earth, 
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M11 1er Crae k (and what we have done to the rain,) 



^(1) Not long ago the same amount of water fell on* the coastaT^forast as falls 
todays but theri was no severe fTCoding. The water landed on the trees, slowing 
its fall to the forest floor. Some water ivapo rated from the laaves and the ground, 
returning to the clouds* Much of the water absorbed by trees was trartSplred back 
into the air as water vapofi making the forest cooler. The water reaching the 
ground was absorbed by the forest floor until it was saturated. The remaindir then 
ran over the ground ^ rapidly reaching creeks and ponds. Water moving rnore slowly 
through the ground helped to hold the water level constant In the drier summer 
months by slowly releasing Itself Into creiks and ponds. 

(2) The area was logged and grew back. People settled s their needs were satisfied 
by one road and a corner store with a gas pump, When the rain fell on fewer trees, 
mora water ran over the ground and was eventually dammed by the roadway. Slight 
flooding occurred because of the Increased runoff caused by the impermeable surfaces 
of the road and buildings. 

(3) As more people moved Into the area, the commercial district graw^ first one 
road, then another, more gas stations, followed by shopping centers , hamburger stands 
md offices, all of them with parking lots. This 1s where the area stood a few years 
ago. Fewer trees slowed the rain and it to the air. Water ran rapidly oyer the 
concrete and asphalt, poured off of roofs onto barren parking lots^ an|rTl?Qd^^^^^ 

|he streets being mysteriously collected in holes in the ground, Thes'l storm drains 
concentrated the runoff and dumped It into the creek as fast as possible^ polluted 
with gas, oil, and litter. Suddenly there was flooding although there was iiore 
r«1n than before. 

(4) The stream became a trickle 1n the summer because less water was absorbed in 
the soil to be slowly released. The vast hard surfaces of roofs and roads and 
parking lots sped the water Into Miller Creek faster than it could accept It or 
transport it to the Sound. Roads and back yards are now flooding. If 

1$ allowed to continue, it will get worse . More people in the waterilR^d will de- 
mnd more goods and servicess ana facilities for these will result in mr^ roofs, 
|>arking lots and litter* The flooding will become more severe. The creek itself 
may be turned into a sterile concrete sewer designed to handle the^maxlmum flow 
pccurring only a few days a year. The rest of the year it will be unpleasant and 
useless. 

(5) The responsibility for this situation does not belong to the business confnijnlty 
ilon|. We build housesV roads, drivaways; fill in yards and cut down tif^eesV The 
proBTem developed little by littles and we must change many things to put the rain 
back where it belongs. We could establish '-holding ponds" where runoff might 
riiturally go, and be allowed to stand for a short time. The water could soak into 
the ground and could be released, slowly , back Into the creek in the days after the 



,9^"*N0TE: (1) etc, are on poster diagram. 
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rain. Buying this land would bi cheaper than chanmlizifig the criik, and thf 
ponds would also providi beauty and rscreatlon. 

(6) Water falling on the roofs of bul! V'rys (ispgclally very large on@i) $hou1d bg 
held there to evaporate, or be channeltu into the grguiid through gravil "French 
Drains" and released slowly intn the stream ns a fiatuiral spring. 

(7) The same could be done for parking lots, and m$n private homes, 

(8) Gas stations add gas and oil to the water that their roofs and asphalt areas 
collect. They could trap all of their waste watif^ , channeling it into Urgft Rand 
and gravel "fillers" under the surface* This would hold back much of the oil and 
grease, and also allow the water to filter slowly into the stfeam. 

(9) Our roads our equally guilty. Rain joins with ps, o1l, grease, and "tire 
dust" on the road, and runs to the edge where 1t v$ ohannaled directly to the creak, 
Why couldn't this water be collected and filtered through a French drain aN than 
be allowed to soak slowly through the ground till ft finds Its way to the cre^k, 



These suggestions are not complex . The science baHInd them is simple i and Qur 
society is capable of applying the solution. The problerrt Is caring enoMSfh. Each 
citizen must do what he (or she) can with his (or WXTonie and busihess tp htlp* 
We can act together to provide our government with Money and Ideas to help us solva 
our problems. We can legislate and lont to control development that would dximp 
water faster into the creek. But we must start to diy to see the sityatlQ ii as It 
really 1s, and start to Act . 



SOURCE: Landscape Architecture 403 Spring 1972 
Department of Landscape Arch, U of W 
Professors John Fyrtado and 
Richard Urt^ermanni, Sonja Alvar^a, Roy 
Gatbunton, Petar Harvard ^ Do Joni§^ Ron 
Stone 
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What is the common term used to describe an area of drainage restricted by certain 
natural or man-made boundaries? 

a. water plalntain 

b. watercourse 

c. watershed 

d. water level 

The process of water changing from a liquid state to a gas state Is known ai 

a , condensation 

b, convergence 

c. subl imination 

d . evaporation 

Two things must be present for evaporation to occur. One is water, and the other 
is 

a. temperature 

b. energy 

c. air movement 

d. clouds 

When you Wc xh TV and drink ice water, what causes thf- moisture on the outside 
of your g1 ass? 

condensation 

b. convection 

c . precipi tation 

d. subl i;;iat1on 



Which of the following does not form clouds? 

a. convergence 

b. :ubs1dance 

c. convection 

d. orographic lift 

Condensation results from a 

a. increase in energy 

b. heating process 

c. cool ing process 

d. increase in moisture 



Salt, insol^jable dust particles, and numerous chemical compounds are good examples 
of 

a. pollution 

condensation nuclei 

c. atmospheric fallout 

d. adiabatic waste material 



Water reaches a stream channel by four primary routes. Which route is the first 
to show up on a hydrograph depicting streamflow? 

a. surface runoff 

sub^surface storm flow 

c * chanrel interception 

d. base flow 
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11. Which of the previously mentioned routes will sliow up Ust on the hydrograph? 

a. surface runoff 

b. sub-surface stomi flow 

c. channel interception 

d. base flow 

12. Of the two remain j routes, (the two not used as answers previously) the one 
showing the sharp^it rise and highest peak on the hydrograph 1s most likely 

a. surface runoff 

b. jb-surface storm flow 

c. channel interception 

d. base flow 

13. Two forces act tngether to move water down through the soil* One of these forces is 

a* centripetal force 

b. centrifugal force 

c. capillary force 

d. coriolis force 

fhd force in question (13) exerts pressure: 

a . down 

b. up 

c. sidewavs 

d. all of the above 

15, The forc3 of gravity can best be described as a: 

a, variable (depending on the size of soil pores) 

b- variable (depending on the moisture content of the soil) 

c. constant 

d, constant (but cumulative per uyer of water) 

16, Infiltration capacity is the maximum rate at which water can Infiltrate Into the 
soil* Which of the following would lea.st likely cause a change In this infil- 
tration capacity? 

a, conduction 

b, compaction 

c, swelling of colloids 

d, air entrapment 

17. The actual infiltration rate of water into the soil depends on 

a\ soil texture 

b. soil structure 

c. nature of soil colloids 

d. soil moisture content 

e. all of the above 

18. How dosB gravity affect storage of water In the soil? It has a 

a* positive effect by exerting a downward force on surface water thereby 
fming pores 

b. negative effect by draining pores 

c. null effect on storage, since it only influences infiltration into 
storage 

d. both a and b above 
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19. As water drains from the soil, the larger pores tend to give up their water first. 
This is primarily the result of 

a, gravity 

b, absorption 

c, capillary retention force 

d, air entrapment 

20. W^t happens when a plant wilts? 

a, ^^^hsorption force ^ capillary retention force 

b. gravitational force - air entrapment force 
c* centrifugal force - coriolis force 

d. gravitational force » absorption force 

21. You're a farmer living on the plains of Kansas* You find yourself with an 
insufficient water supply. The least likely solution to your problem would be 

a, importing 

b, weather modification 

c, desal Inlzation 

d, evaporation reduction 

22. We can control most floods by 

a. increasing the capacity of the channel to handle excess flow 

b, decreasing the voluma of water so it does not exceed the capacity 
of the channel 

c. both a and b above 

d, weather modification 

23. The greatest water probleni concerning the people of Burien in regards to Miller 
Creek 1s one of 

a, quantity 
b* quality 
c, regimen 

d* none of these 

^^4 The basic solution to water quality problems is 
a* treatment 

b. immediate cessation of all pollution 

c. prevention of excess pollution 

d, a and c above 

25. The total amount of water on earth is 

a* increasing 
b. decreasing 
Cp staying about the same 

26. All things being equal, which stream 1s likely to have the most problems with 
pollution? 

a. Stream P which is small and turbulent 

b. Stream L which has a ve-y high volume of water 

c. Stream X which is calm r.nd cold 

d. Stream Z which is very warm 
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27. You find a high concentration of nitrates in a water sample* What do you recommend 
In your report? 

a. The nitrate discharge should be stopped because it encourages algae 
growth, 

b. The nitrate supplements are probably working and should continue; 
nitrates fertilize water plants, providing more food for fish, 

c. The nitrate discharge should be stopped because they are poisonous 

pesticides* 

d. The nitrate discharge should be stopped because they are harmful 
bacteria, 

28. What would you as a water analyzer do If you found Benthic organisms in a sample? 

a. Recommend that the effluents containing them no longer be dumped into 
the water by municipal sewage plants, 

b. Pressure farmers not to allow fertilizer runoff into the water, 

c. Call the Health Department at once, 

d. Study themi since they Indicate water quality, 

29. Which of these insects would you find in a clean stream? 

a, Stonefly* caddisfly 

b. Midge fly* blackfly 

c, Sludgeworm, sewagefly 

d. Bloodworm I blackfly 
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